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SCHAIRERITE, A NEW MINERAL FROM SEARLES 
LAKE, CALIFORNIA 


WituiaM F. Fosuac, U.S. National Museum.* 


The mineral deposit of Searles is a remarkable body of salts con- 
tained in a playa “‘lake.’’ The central portion of this playa is oc- 
cupied by a body of solid salts covering an area of more than twelve 
square miles, and exceeding 100 feet in thickness. About this cen- 
tral salt core is a peripheral band of saline muds, in many places rich 
in minerals. In various parts of this deposit have been found crys- 
tals of uncommon character. Six new minerals, all double or triple 
salts, have been found, some of them in considerable abundance. 
There is reason to believe that these species are present in consider- 
able quantity in certain parts of the deposit but since most of them 
have been recovered by deep drilling, only small quantities are usu- 
ally available to the mineralogist. Hanksite crystals can be recov- 
ered from the muds of the playa in large numbers and pirssonite 
is sufficiently abundant to form thin strata in the deeper layers. 
Northupite is fairly abundant in some well samples. Tychite once 
known only as the original three crystals, seems to characterize a 
particular thin band rich in gaylussite. Sulfohalite is probably one 
of the rarest of the minerals from Searles Lake. 

In the examination of drill samples from a well obtained by the 
U. S. Geological Survey in 1912, a seventh new species was found. 
This well, drilled in the central part of the sa't crusts, penetrated the 
salt body for a depth of 125 feet. The material obtained from these 
samples consists of rather pure salts with but little contamination 
of muds and sand. Unfortunately the sample yielding the new min- 
eral was without any information as to depth, although judging 
from its chemical character it was one of the deeper samples, the 
deeper layers being more calcareous than the intermediate or upper 
ones. For this new species, a sulfate and fluoride of soda, the name 


* Published with the permission of the Secretary of the Smithsonian Institu- 
tion. 


133 


134 THE AMERICAN MINERALOGIST 


schairerite is proposed in honor of Dr. J. F. Schairer of the Geophys- 
ical Laboratory of the Carnegie Institution, who studied! the quar- 
ternary system Na,SOy-NaF-NaCl-H,0, in which this compound 
plays a prominent part. A considerable quantity of the salts con- 
taining schairerite (U. S. N. M. 90685) was available but the min- 
eral is present in such small amount that only three-fourths of a 
gram of material was recovered (U. S. N. M. 96437). This was ob- 
tained by concentrating the mineral with heavy solutions and pick- 
ing out the crystals of schairerite by hand. 

For analysis three portions were taken, one of 2000 milligrams 
was used to determine all constituents except chlorine and fluorine. 
A second portion of 1500 milligrams was used for chlorine and a 
third of 900 milligrams was used for fluorine. Due to the paucity of 
material, magnesia and carbon dioxide, known to be present as ex- 
traneous material, could not be determined and the summation of 
the analysis is consequently low. The sample used for analysis con- 
sisted of small crystals that had been washed to remove the easily 
soluble extraneous coating on some of the crystals. The sample so 
prepared was examined under the microscope and found to contain 
small amounts of hanksite, gaylussite and tychite. The crystals of 
schairerite also contained small included crystals, the crystal out- 
line of some suggesting hanksite with others of unknown character. 
The total amount of extraneous matter, however, did not exceed 1 
per cent. The results of the analysis is given in the following table. 


ANALYSIS AND RATIOS OF SCHAIRERITE 
W. F. Foshag, Analyst 


Analysis Ratios en eee 
composition 
Ign. loss 0.90 
Insol. 0.20 
(Fe, Al)203 0.15 
CaO 0.30 .0033 
Na SAT: S177 
K 0.13 osgy 3810 3.019 Bias) 
SO, 50.01 .5205 1.000 52/2. 
Cl 3.44 .0972 
F 8.08 bie .5224 .997 10.3 
Total 98.98 


1 A. W. Foote and J. F. Schairer, Am. Jour. Sci., 52, pp. 4202-4217, 1930. 
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The determination of fluorine, made by the Berzelius method, 
was checked by the conversion of CaF, to CaSQu, the calculated 
percentage of fluorine by this method being 8.0 per cent. The pres- 
ence of fluorine in the original precipitate was further checked by 
the etching test. 


The ratios derived from the above analysis gives schairerite the 
formula Na2SO,. Na(F,Cl), requiring for the pure fluorine salt the 
theoretical composition given in column three. That the chlorine 
is isomorphous with the fluorine is indicated, first, by the absence 
of any impurities to which this amount of chlorine can be ascribed 
and second, the simplicity of the ratios when it is so considered. 
Schairer found that chlorine enters into the composition of the salt 
to a limited extent, the greatest percentage of Cl found in his pre- 
pared sample being 3.8 per cent. The natural mineral seems there- 
fore, to show the maximum degree of miscibility. 

Schairerite is slowly but completely soluble in water. The solu- 
tion gives the usual reactions for sulfates and chlorides. It fuses 
easily to a white porcelainous mass, coloring the flame an intense 
yellow. Hardness = 3}. G. (by floating in heavy solution) = 2.612. 

The crystals of schairerite seldom exceed a millimeter in length, 
the largest measuring less than two millimeters. Some are sharp 
and perfectly formed, others are rather distorted. They appear as 
steep trigonal rhombs. A number of crystals were mounted and 
provisionally examined but only ten were completely measured. 
These measurements completely confirm the trigonal nature of the 
crystals. 

The few forms present on the crystals are: c(0001), m(1010), 
r(1011), e(0112). 

c. Usually present as a small truncating face and often developed 
on one end of the crystal only. Rarely prominent and then only on 
one end. Dull and etched. 

m. The prism varies from a narrow line face to a size sufficient 
to give the mineral a decided prismatic habit. Often absent. Re- 
flections usually poor. 

r. This form is the most prominent and important one of the crys- 
tals. It is always present and is usually sharp and smooth. Sig- 
nals are usually excellent. This face was used entirely for orienting 
the crystal on the goniometer and the crystallographical constants 
are based upon measurements from this face. 
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e. This form is usually present as a narrow and truncating face. 
Rarely it approaches 7 in size. It is sometimes coarsely striated or 
offset by oscillation with the prism. Usually dull with poor reflec- 
tions. 


Fic. 1. Simple crystal of schairerite, Fic. 2. Schairerite, Searles Lake. 
Searles Lake. 


The simplest crystal habit is a steep rhomb consisting of the faces 
r, usually sharp and well formed. This habit is shown in Fig. 1. 
This may be modified by e as narrow truncating faces, approaching, 
with an increase in the size of e, asimple hexagonal pyramid (Fig. 2). 
The faces of r can be easily distinguished from e by the striations 
and offsets commonly present. The addition of the prisms gives 
crystals somewhat narrower and elongated, assuming a shape shown 
in Fig. 3. A curious habit perhaps the result of twinning on the 
plane c is shown by crystal 7 (Fig. 4). Here the lower faces of r are 
directly below those of the upper 7 and separated by narrow faces 
of the prism. The artificial mineral prepared and described by 
Schairer is of a totally different habit. These crystals are flat, tabu- 
lar in habit, with modifying faces of (0223) and (1013) (Fig. 5) . 
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c 
I'ic.3. Prismatic crystal of schair- I'1c.4. Twin (?) crystal of schairerite, 
erite, Searles Lake. Searles Lake. 


Fic. 5. Schairerite, artificial. 


The ten crystals measured gave twenty-four satisfactory meas- 
urements of the p angle for the face r as follows: 


(fae ee (3) 
34 (6) 
35 (3) 
38 (3) 
40 (3) 
41 (6) 


Average 72° 36’ 


For the face e, eight measurements were as follows: 


57° 42’ Sie ESOL 
43 52 
47 54 
48 


Average 57° 47’ 
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From the value of p for (1011) the following constants were cal- 
culated for the position Ge: 


c=2.7634 o= 1.8422 
or for the position G,: 
c=4.7662 po=3.1775. 


From these elements the calculated angle for the face e is 57° 55’. 
The orientation here adopted differs from that of Schairer for the 
artificial crystals. Here the large and well formed rhombohedron 
r is taken as the unit form and as is customary in rhombohedral 
crystals assigned the G, orientation. This, therefore, becomes the 
(1011) face. Schairer’s orientation is in the G: position with re- 
spect to the one here adopted and the unit rhombohedron assigned 
the indices (0332). It is felt that, in view of the sharp and constant 
development of 7 on the natural crystals, the adoption of the bright 
rhombohedron as the unit form is preferable. With this new orien- 
tation Schairer’s forms are: 
(0332) =(10T1) 
(1011) = (0223) 
(0112) = (1013). 

In its purest state schairerite is colorless with a clear limpidity. 
It is also faintly milky or flecked with minute cloudlike masses of 
inclosed mud. Its lustre is vitreous. The mineral is brittle with 
conchoidal fractures. No trace of cleavage could be detected. 

Examined under the petrographic microscope the mineral is char- 
acterized by a low index of refraction and an extremely low bire- 
fringence. The indices of refraction determined by the immersion 
method were found to be as follows:, w= 1.440, €= 1.445. Schairer 
has found for the pure fluoride member w=1.436, «=1.439. In 
order to compare the indices of refraction of the Searles Lake min- 
eral with that prepared by Schairer the two crystals were examined 
in the same oil and the natural mineral was found to be somewhat 
higher, as one might expect from its content of chlorine. The bire- 
fringence of the mineral is very weak, small grains appearing iso- 
tropic between crossed nicols, only the largest fragments show col- 
ors as high as light gray of the first order. The mineral is distinctly 
optically positive. Twinning noted by Schairer on the artificial ma- 
terial was not found on the natural mineral. 

Schairerite was foundin small quantity ina sample of a well drilled 
in the central salt crust and presumably came from a depth some- 
where near the bottom of the salt crust. Associated with it are 
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abundant clear and well formed crystals of gaylussite (U. S. N. M. 
96440) ; small, clear, colorless to bluish octahedrons and cubo-octa- 
hedrons of tychite (U. S. N. M. 96436); clear, tabular crystals of 
pirssonite (U. S. N. M. 96441); etched laths and rods of thenardite 
(U.S. N. M. 96442); small amounts of trona; an occasional small 
crystal of hanksite; and rarely ivory colored opaque rhombohe- 
drons of calcite. Only tychite was found attached directly to the 
schairerite crystals. Many of the crystals were partly coated with 
a fine, tenacious mud suggesting that schairerite occurs as single in- 
dividuals embedded in a thin clayey stratum. 

Inclusions within the schairerite crystals consist of small octa- 
hedrons of tychite, flat crystals of pirssonite (?), and thin laths of 
thenardite (?). While most of the salts are in the form of loose crys- 
tals a few samples were found in which the minerals are still in their 
original association. A few small fragments of aggregated salts con- 
sisting of thinly laminated, fine, sandy gaylussite were found. This 
material included abundant small octahedrons of tychite and an 
occasional crystal of schairerite. Other associated minerals are a 
few large, dark, northupite crystals, a few bladed crystals of then- 
ardite and a single crystal of halite. This presumably represents 
the original association of the schairerite. 


COMPOSITION OF THE ALKALI AMPHIBOLES 


HARRY BERMAN AND E. S. LARSEN, 
Harvard University. 


Within the last few years the amphibole group has been the sub- 
ject of a number of studies. Chief among these, perhaps, was that 
of Kunitz.! This was an exhaustive chemical and optical investiga- 
tion of carefully selected material, containing sixty new analyses. 
Many of these analyses have been used by the present writers in 
their study presented here in this preliminary report. 

Another paper on the subject, of equal importance, was published 
about a year ago by Warren.” This investigation was concerned 
primarily with the crystal structure of tremolite as deduced from 
x-ray data. In addition, Warren showed that the other amphi- 
boles were identical in structure with tremolite, and from this struc- 
tural identity deduced a general expression for the composition of 
the amphiboles. It is significant that these two papers, based on 
widely diverse evidence and published within a short time of each 
other, reached such similar conclusions. There are, however, some 
important differences which will be mentioned later. 

Our study is mainly concerned with the alkali amphiboles, of 
which we have examined upward of a hundred analyses, from va- 
rious sources, both new and old. At this time we are prepared to 
give only the preliminary results of the chemical study. We hope 
that an optical study will be completed later. 

Warren in his paper gives a general expression for the amphiboles 
which is as follows: 

A B C 
(Ca, Na, K, Li)p-3 (Mg, Fel, Fe!™, Al, Ti); (Fel!!, Al, Si)s 
D 
(0, OH, Fa. 

This formula is based on the structural requirements of the am- 
phiboles, which are: 

1. The number of oxygens (D), or equivalent atoms, must be 
constant in all the amphiboles, 7.e., twenty-four in the half unit cell, 
which this formula represents. 

2. There are five magnesium atoms, or their equivalents, which 
may be those listed under (B). 

* Kunitz, W., Neues Jahrb., Abt. A., Vol. 60, pp. 171-250, 1930. 

? Warren, B. E., Zeit. f. Krist., Vol. 72, pp. 42-57, and pp. 493-517, 1930. 
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3. The silicon atoms (C) do not exceed eight. 

4. The (Ca, Na) group (A) may vary from two to three, which 
are the minimum and maximum, respectively. 

In addition to these structural requirements there is the additional 
factor of valence, which must, of course, be satisfied. 

With so many variables, and the further complication of certain 
atoms, such as aluminum, falling at one time into group B, and at 
another into group C, or as in hastingsite, being distributed in both 
groups, it is no wonder that the compositions of the amphiboles are 
so diverse. 

We have found, however, that the range of replacement is for the 
most part comparatively limited, and that most analyses fall fairly 
well into a few definite types. This limited isomorphism as de- 
duced from the examination of many analyses is essentially as fol- 
lows: 


(1) Ca and Na are not completely isomorphous but usually are 
present in a definite ratio. Thus in the hastingsite group the Ca:Na 
ratio is invariably 2:1. Further, calcium never exceeds two atoms 
in any analysis. Sodium may vary from 0 to 3. 


(2) Magnesium and equivalent atoms (B) in the normal amphi- 
boles, contribute five atoms to the formula. In the so-called defi- 
cient silica type additional aluminum is always present to the ex- 
tent of making up the deficiency in silicon. The ratio, in hasting- 
site, Mg:A1:Si is 4:3:6, two aluminum atoms go to the silicon group 
(C), and one to the B group. Magnesium, in this group, never ex- 
ceeds five atoms and does not drop below one atom; that is, no am- 
phiboles are completely lacking in either magnesium or ferrous iron. 

(3) Aluminum does not exceed four atoms in any amphibole 
analysis, and may be entirely absent, asin tremolite. Trivalent iron 
plays the same réle as aluminum, with the possible exception that 
it does not freely replace silicon, as does aluminum. 

(4) Silicon varies from a minimum of six atoms to a maximum 
of eight. When six atoms are present two aluminum atoms make 
up the deficiency. 

(5) The number of oxygen atoms (and equivalents) is constant. 
The (OH+F) group does not exceed two, and we believe, may be 
absent, as in the anhydrous amphiboles. 

(6) Titanium and manganese occur in relatively small amounts, 
we are therefore not certain as to their position in the formula. It 
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is not at all obvious from our analyses that titanium replaces silicon, 
the usual assumption. 

Using the conclusions based on analyses as to the isomorphous 
replacements, we may modify Warren’s formula so as to be more 
explicit concerning the replacements found in the amphiboles. The 
modified formula is as follows: 


(oe Na)2Nao_i1Mgi(Mg, Al),(Al, Si)2SigO20(O, OH, F).. 


Those elements within brackets are completely replaceable. The 
others can be considered as being fixed (with the exception that 
Fel! and Fel! may replace Mg and Al, respectively). This formula 
merely represents the limits of isomorphism as indicated above. 

It might be here urged that the general formula, of which this is 
an example, is perhaps more nearly correct than the usual “end 
members,” in indicating the composition variation in such a com- 
plex series as the amphiboles, or many other silicates. 


Si 


: v1 I Tana I] 


7 STN 
INAININENE LVN 


Fic. 1. Composition of the Amphiboles, Mg-Al-Si Ratios. 


Al 


Fig. 1 gives the ratio of Mg:Al:Si on the assumption that in all 
amphiboles the sum of these three is constant. We have found that 
this relationship is true for the analyses we have examined. The de- 
viation of the sum from thirteen is, we believe, within the limits of 
analytical error. The size of the circles representing the analyses is 
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roughly proportional to the number of analyses falling at those posi- 
tions. About half the analyses fal! at four positions. Almost three- 
fourths of the analyses fall on the two horizontal lines indicating six 
and eight silicon atoms, respectively. From this diagram we can de- 
termine the most common amphibole types, which are relatively 
few in number. These are given in the table below. 

The roman numerals in the diagram (Fig. 1) refer to the posi- 
tions of the typical formulae with the corresponding numerals, 
given below. We have not indicated in the table the ferrous and 
ferric equivalents of the magnesium-aluminum formulae, since they 
are completely interchangeable. This accounts for the omission of 
well defined amphiboles such as hornblende, riebeckite and actin- 
olite, which are simply iron equivalents of those given. 


TABLE 1. TyprcaAL AMPHIBOLE FORMULAE 


e Tremolite Cay Mgs Sig On2 (OH): 
II. Soda-Tremolite Car Nae Mg; Sis Ox  (OH)2 
III. Arfvedsonite Naz Mg Aly Sis One (OH) 2 
IV. Hastingsite Cap Nai Mg, Al, (Ale Sis) Oz  (OH)» 
Naz Mg; Ale Sis Ooo (OH). 
V.  Glaucophane Na, Me Al, Sis OOH; 
QP Car N: ag M £3 Ale Sig Ong 
VI. Glaucophane (?) Naz Mgr Al, Sis Or 


Mg and Fe! are interchangeable 
Al and Fe!!! are interchangeable 


Tremolite is one of the commonest of the amphiboles. An am- 
phibole which is essentially a soda-tremolite has been analyzed in 
our laboratory. The analyses are, however, not entirely free from 
aluminum so that they fall between this soda-tremolite and arfved- 
sonite for which the third formula is proposed. This falls on one 
of the heavy dots of the preceding diagram. Hastingsite is the so- 
called deficient silica member. All our analyses agree very well with 
this formula of which a significant feature is the constant ratio of 
Ca:Na. 

The glaucophane-riebeckite series has been found to vary con- 
siderably in the water and sodium contents. This variation is given 
in the three bracketed formulae. Most riebeckites correspond to 
the first, while many of the anhydrous amphiboles yield the third 
bracketed formula. The last formula represents a further vari- 
ation of the anhydrous amphiboles, frequently called glaucophane. 
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This is conspicuous in having less magnesium than any of the other 
types. 

While these formulae are not proposed as end members of the 
amphibole group, we believe that they truly represent the limiting 
cases in the variation of the compositions of the alkali amphiboles. 

We conclude, then, that between types there is a rather limited 
miscibility, whereas, within the type complete isomorphism be- 
tween magnesium and ferrous iron on the one hand, and aluminum 
and ferric iron on the other, may freely take place. 

Our formulae differ from those of Kunitz mainly in that we be- 
lieve that his fromulae have violated the structural requirements, 
as found by Warren. In our more complete study which is to follow, 
a fuller statement of the relationships between our formulae and 
those proposed by others, will be made. 


A CHEMICAL AND OPTICAL STUDY OF THE 
BLACK TOURMALINES* 


GrEorcE W. Warp, University of Minnesota. 


CONTENTS 
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SeleetionoiMatenalior Analysis: 28) 2250.8. (0. ee oe 168 
Alteration of a High-iron Tourmaline................ EAL ARC) aes 170 
DiseyscionowAmahises senator OF en Jy hignioaten. Wx Santee acd foes eae 174 
Recast Analyses Compared with those in the Literature.................. 177 
Comparison of Analyses of Tourmaline from Various Sources.............. 182 
EN AW STINT SEA eal SOYA TIE tins pecreme te eae aaa pe ag aR 182 
SURENAFY COR eT See ee Oe OO ee ot eT ee eee 189 


HISTORICAL INTRODUCTION 


The first analysis of tourmaline is attributed to A. Wondras- 
chek.t Soon afterwards, in the early part of the eighteenth cen- 
tury, analyses were made by Vauquelin and Klaproth. The pres- 
ence of lithium and boron was not shown until 1818, when Arfved- 
son? discovered the former and Lampardius® the latter. In 1827 
Gmelin‘ and in 1845 Hermann’ published good chemical analyses 
of tourmaline. Hermann pointed out for the first time that silica 
and boric oxide were in definite molecular proportions, four to one. 
In 1850 thirty analyses were published by Rammelsberg.® Recog- 
nizing the defects of his analyses he revised his paper in 1870.’ 
From this revision Rammelsberg concluded that all tourmalines 
were derived from the acid H,SiO;. In 1888 Riggs® published 
twenty analyses and proposed as a general formula the simple 
boro-orthosilicate, RgBO2-2SiO4. Penfield and Foote’ showed that 


* A thesis submitted to the Graduate Faculty of the University of Minnesota 
in partial fulfillment of the requirements for the degree of Doctor of philosophy. 

1 Abhand. Bohm. Gest., 3, 19, 1795. 

2 Schweiger’s Jour. d. Chem. u. Phys., 22, 111. 

3 Ann. d. Phys. u. Chem., 30, 107. 

4 Pogg. Ann., 9, 127. 

5 Journal fiir prakt. Chem., 35, 232. 

6 Ann. der Phys. u. Chem., 81, 1. 

7 Ann. der Phys. u. Chem., 215, pp. 379 and 547. 

8 Am. Jour. Sc., (III), 35, 35. 

9 Am. Jour. Sc., (IV), 157, 100. 
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this formula reduces to that of Rammelsberg, namely, Re¢SiO;. 
Riggs further suggested that there are three tourmaline molecules 
representing a lithium, an iron, and a magnesium tourmaline, for 
which he gives formulae. 

A short time later Wiilfing!® recalculated Riggs’ analyses and de- 
cided that tourmalines are isomorphous mixtures represented by 
the two formulae: 

Alkali tourmaline 12Si0O2-3B,03-8A!,03;-2Na,0-4H2,O, and 
Magnesium tourmaline 12SiO, -3B203 - Al,O; -12 MgO -3H,0. How- 
ever, there are certain inaccuracies and he suggests the need of a 
third formula. 

Scharizer" about this time published three analyses of tourma- 
line from Schiittenhofen, Bohemia, and concluded with a very 
cumbersome formula. 

Jannasch and Kalb” in 1889 estimated directly the water and 
boron in nine samples. They reached a general formula of Ry 
BO, -(SiO4)2, which reduces by Riggs’ formula to Rammelsberg’s 
acid, RgSiOs. 

Various other investigators, notably, Goldschmidt® and Rhei- 
neck in 1893, calculated analyses and all agreed that the tourma- 
lines are isomorphous mixtures of alkali and magnesia molecules. 

Alteration to muscovite, sericite, lepidolite, biotite and chlorite 
had been noted by investigators. Clarke in 1895 discussed the 
change of tourmaline to mica and upon this basis proposed formu- 
lae that would permit such an alteration. 


Groth’® adopted the formula of Jannasch with a slightly differ- 
ent interpretation. Penfield and Foote!” made very careful analyses 
of a colorless and a green tourmaline from which they derived the 
acid H29B2Si40o1. 


In 1899 Clarke!® drew attention to the fact that his formula is 
identical with that of Penfield and Foote. 


1° Mineralogische und petrographische Mittheilungen, 10, 161. 

1 Zeitschr. fiir. Kryst., 15, 343. 

2 Ber. der deut. chem. Gesellschaft, 22, 216, and I naugural Dissertation, G. W. 
Kalb, Géttingen. 

13 Zeit. fiir Kryst., 17, pp. 52 and 61. 

4 Zeit. fiir Kryst., 22, 52. 

% Bull. U.S.G.S., 125, 66. 

"6 Tabellarische Uebersicht der Mineralien, 4th edition, 1898, 117. 

17 Am. Jour. Sc., 7, 157, 108. 

18 Am. Jour. Sc., 158, 8, 120 
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W. T. Schaller’? and P. Reiner?® avoided the difficulty of altera- 
tion to mica, that Clarke found in earlier analyses, by trebling 
their formula. Thus their formula would appear as HeoSij2BeOes. 
Clarke*! modified this to give a cumbersome formula that would 
make the tourmalines triboratotetraluminotetraorthosilicates.2? 


W. Vernadsky* assumed the tourmalines to be additive sub- 
stances containing the kaolin ring, R4Al,Si,O; with boron in place 
of the aluminum. This furnishes a nucleus, R4Al,BeSisOys, from 
which three groups were derived. These hypotheses are tentative 
and for the most part merely ingenious attempts at a solution of 
the riddle. 

About this time attention was directed towards the optical prop- 
erties of the tourmalines. P. Reiner,™ Wiilfing® and K. Becht 
have contributed a great deal of our available knowledge. An ex- 
cellent compilation of the optical data can be found in Doelter.* 

Only seven black tourmalines with optical data can be found in 
the literature and they give the following indices. 


Location w € w-e 
Tirol?” 1.6429 1.6195 0.0234 
Tsilaisina”® 1.6525 1.6279 0.0246 
Madagascar” 1.6515 1.6281 0.0234 
Ramona, San Diego* 1.669 1.6380 0.031 
Auburn, Me.** 1.666 1.637 0.029 
Brazil* 1.662 1.633 0.029 
Haddam, Conn.*!* 1.669 1.638 0.031 


19 Inaug. Diss. Z. Kryst., 51, 321, 1912. 

20 Inaug. Diss. (Heidelberg, 1913). 

21 Bull. U.S.G.S., 125, 88. 

22 Mellor, Inorganic and Theoretical Chemistry, vol., 6, 1925. 

23 Z. Kryst., 53, 273, 1914. 

24 P. Reiner, op. cit. 

2% &, A. Wiilfing und K. Becht, Sitzber. Heidelberg Ak., 1913, Abh. 20. 

26 Doelter’s Handbuch der Mineralchemie, Band 11, Teil 2. 

27K. Zimanyi, Z. Kryst., 22, 333, 1894. 

28 |. Duparc, M. Wunder und L. Sabot, Mem. soc. phys. et d’hist. Nat. de Geneve, 
36, Heft III, 283, 1910. 

22 R. Ch. Sabot, Diss. Geneve, 1914. 

30 W. T, Schaller, Inaug. Diss., Zeit. Kryst., 51, 321, 1912. 

31 Riggs, op. cit. 

31a Schaller, op. cit., 332. 
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The following table from Shand’s Eruptive Rocks,” indicates 
that tourmalines vary widely in composition. 


SiO, 34.63-41.16 
B2O3 9.00-11.00 
Al.O3 25.29-44.05 
Fe,03 nil — 6.60 
Cr.O3 nil -10. 80 
FeO nil -14.40 
MgO nil 14.90 
CaO nil - 5.10 
Na2O nil —- 3.59 
K,0 nil  - 2.17 
LizO wl es GTS) 
H,0 nil - 4.61 
F nil = 1.19 


Upon tourmalines in general a large number of optical observa- 
tions have been made. Some of the investigators include M. Jerofe- 
jeff,2 P. H. Schwehel,?4 A. Cossa and A. Arzruni,®®= G. B. d’Achi- 
ardi,*® L. Duparc and his co-workers.’ 

According to E. A. Wiilfing** the lithium tourmalines have the 
lowest indices of refraction; the magnesium tourmalines intermedi- 
ate values, and the iron tourmalines possess the highest indices. A 
selection®® of values from data furnished by the above mentioned 
investigators follows: 


Color- | Dark Dark | Straw | Dark 
less green Green Red red yellow | brown Black 
w 1.6424 | 1.6424 | 1.6401 | 1.6394 | 1.6448 | 1.6430 | 1.6481 | 1.6525 
€ 1.6223 | 1.6222 | 1.6220 |} 1.6237 | 1.6251 | 1.6224 | 1.6250 | 1.6279 
w-e | 0.0201 | 0.0202 | 1.0181 | 0.0157 | 0.0197 | 0.0206 | 0.0231 | 0.0246 


The optical character of tourmaline is negative. All colored 
tourmaline possesses well marked pleochroism. Usually in the 
black varieties, w is green or blue and « is brown or red; in green 


32S. J. Shand, Eruptive Rocks, Thomas Murby and Co., London. 
33M. Jerofejeff, Proc. Russ. Min. Soc., 6, 80, 1871. 

34 P. H. Schwehel, Z. Kryst., 7, 158, 1882. 

36 A. Cossa and A. Arzruni, Z. Kryst., 7,9, 1882. 

% G. B. d’Achiardi, Atti. Soc. Toscana, 13, 229, 1894. 

37 L. Duparc and R. Sabot, Bull. Soc. Min., 34, 139, 1911. 

38 Kk. A. Wiilfing, Z. Kryst., 36, 538, 1902. 

39 Mellor, op. cit., p. 745. 
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varieties, w is green or greenish-brown and e is green of a different 
tint. The absorption of the ordinary ray is much greater than that 
of the extraordinary. Mellor and Doelter give excellent summaries 
of the work that has been done on tourmaline relating to the optical 
anomalies, absorption and reflection spectrums, radioactivity, elec- 
trostatic fields, cathode rays, radium rays, ultra-violet rays, pyro- 
electrification, dielectric constant, magnetic susceptibility, etc. 


STATEMENT OF PROBLEM 


The common, black, rock-forming tourmalines have received but 
little attention in the literature compared with the colored vari- 
eties. There is little optical data that can be correlated with an 
analysis of the same specimen. Most investigators have confined 
themselves to a study of formulae and for such work used chiefly 
the colored tourmalines other than black. It would seem, then, 
that a series of analyses, accompanied by their optical character- 
istics should prove of interest. Material was carefully selected and 
the optical data were determined upon the same sample of powder 
as that used for analysis. An effort has also been made to show how 
the optical properties of the various specimens analyzed vary with 
the composition. For such a correlation the data in the literature 
are very meager and the present study increases the data of that 
type about 100 per cent. 


USES OF TOURMALINE 


Tourmaline is of interest primarily because it is perhaps the most 
abundant and typical mineral developed in the pneumatolytic or 
fumarolic stage of igneous rock formation. This is indicated by the 
boron, hydroxyl and fluorine that it contains. Thus it is one of the 
most common and characteristic accessory minerals found in peg- 
matite dikes associated with intrusive granite. Its presence in rocks 
indicates as a rule nearness to the contact and it is very likely to 
appear in rocks that have suffered contact metamorphism. In this 
way it is frequently found associated with ore deposits and is a 
a criterion of their origin. The beautiful red, green and transparent 
varieties are valued as gems. 
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MATERIAL EXAMINED AND ITS SOURCE 


All available tourmalines of the common black color were ex- 
amined under the microscope before selections for analyses were 
made. Their color, pleochroism, zoning and indices of refraction 
were determined as recorded in Table I. 

Tourmaline is common in slates, crystalline schists, pegmatites 
and granites, and in the zones of contact metamorphism adjacent 
to acid intrusives. The tourmalines listed below are from various 
sources, chiefly pegmatites, but in smaller number, from schists, 
granites and ore deposits. 


No. 


1 


*8 


10 


JOURNAL MINERALOGICAL SOCIETY OF AMERICA 151 
TABLE I 
Locatron iS see ¢ (Coror) w (Coror) | we 
POWDER 
Richville, N.Y. light pinkish|1.620 (white)/1.633 (light 0.013 
cinnamon pinkish cinna- 
mon) 
San Diego, Calif. pale grayish {1.614 (white) |1.640 (white) [0.026 
vinaceous 
Little American 1.626 1.640 (olive 0.014 
Mine, Minn. (vinaceous black) 
buff) 
Bob Ingersoll Mine, /gull gray 1.626 (white)|1.640 (gull 0.014 
Keystone, S. D. gray) 
1.629 (white)|1.640 (gull) 0.011 
gray) 
1.633 (light) |1.642 (deep 0.009 
gull gray) gull gray) 
1.630 (light [1.644 (deep 0.014 
gull gray) gull gray) 
Orford, N.H. cartridge |1.620 (white)|1.644 0.024 
buff (chamois) 
Etta Mine, S.D. mineral gray |1.633 (white)/1.645 (pale 0.012 
olive buff) 
Monroe, Conn. drab 1.622 (cart- |1.649 (honey |0.027 
ridge buff) yellow) 
Etta Mine, S.D. mineral gray |1.630 (court |1.649 (pea 0.019 
gray) green) 
Newry, Me. light grayish |1.633-+ (deep |1.649 (citrine /0.016 
olive olive buff) drab) 
Paris, Me. deep olive 1.622 (white)|1.649 (sage 0.027 
gray green) 
1.636 (white)|1.657 (dark |0.021 
olive gray) 
1.633 (vina- |1.662 (black) [0.029 
ceous fawn) 
1.633 (pale |1.665 (olive 0.032 


smoke gray) 


gray) 


* Selected for analysis. 
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11 


12 


13 


14 


15 


16 


17 


18 


19 
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LocaTION 


Newtown, Conn. 


San Diego, Calif. 


Rocky Mountains 


Delaware Co., 
Pa. 


Statesville, N.C. 


TABLE I (continued) 


COLOR 
POWDER 


e (Cotor) 


deep mouse 


gray 


Saccardos 
umber 


drab 


pale king’s 
blue 


drab 


white 


drab 


light gray 


slate gray 


1.633 
gray) 
1.630 (vina- 
ceous fawn) 
1.640 -(vina- 
ceous buff) 


(smoke 


1.633 
gray) 

1.633 
pinkish 
cinnamon) 


(pearl 


(light 


1.622 
gray) 

1.628 
pinkish 
cinnamon) 


(pearl 


(light 


1.627 (pale 
king’s blue) 


1622: 
(cartridge 
buff) 


1.620 (white) 


1.633 (pale 
cinnamon 
buff) 


1.630 (pale 
smoke gray) 

1.635 
(cinnamon 


buff) 


1.638 (green) 
1.620 (pale 
olive gray) 


w (CoLor) 


1.649 (dark 
olive gray) 
1.655 (olive 
black) 
1.662 (olive 
black) 


1.649 (hathis 


gray) 
1.662 (bister) 


1.649 (hathis 


gray) 
1.660 (bister) 


1.649 (light 
king’s blue) 


1.649 (honey 
yellow) 


1.649 (pale 
smoke gray) 


1.649 (bister) 


1.651 (gray- 
ish olive) 
1.655 (clay 
color) 


1.652 (blue) 
1.655 (deep 
olive gray) 


0.027 


0.032 


0.022 


0.027 


0.029 


0.016 


0.021 


0.020 


0.014 
0.035 
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TABLE I (continued) 


No. LocaTIon COoLor e (CoLor) w (CoLor) we 
POWDER 
20 |Tyrol gray 1.638 (pale |1.653 (sage 0.015 


smoke gray) | green) 


21 |Norberg, Sweden light gray 1.633 (light |1.653 (dark 0.020 


vinaceous olive buff) 
buff) 
22 |Norberg, Sweden smoke gray |1.640 (light |1.653 (dark 0.013 
blue) blue) 
1.633 (pale {1.655 (dark 0.022 
green) green) 
*23 |Wickes, Mont. deep neutral |1.633 (tilleul |1.655 (meutral |0.022 
gray buff) gray) 
1.636 (vina- |1.662 (olive {0.026 
ceous buff) brown) 
24 |Newlin, Pa. deep neutral {1.630 (pale {1.655 (dark 0.025 
gray vinaceous purplish gray) 
fawn) 
1.627 (olive |1.655 (deep 0.028 
buff) olive) 


1.633 (vina- |1.660 (olive 0.027 
ceous buff) black) 


25 |Middletown, Conn. |snuff brown |1.622 1.655 (snuff {0.033 
(cartridge brown) 
buff) 

26 |Crown Point, Essex |dark grayish |1.640 (light |1.655 (black) |0.015 

Ca: N.Y. olive drab) 

27 |Greenland mouse 1.638  (tilleul |1.655 (deep 0.017 
buff) olive) 
1.635 (pale {1.662 (deep 0.027 
blue) blue) 

28 |Macomb, N.Y. drab 1.633 (avel- {1.655 (clay) 0.022 
lanceous) 

29 |Stoneham, Me. buffy brown |1.633 (olive |1.655 (dark 0.022 


buff) olive buff) 


154 


LocaTION 


31 |Great Barrington, 


Mass. 


32 


33 


35 


36 |Custer, S.D. 


37 


*38 |Drummerstown, Vt. 


* Selected for analysis. 


30 |Rainy Lake, Minn. 


TABLE I (continued) 


CoLoR 
POWDER 


olive black 


dark olive 
gray 


grayish olive 


hair brown 


hair brown 


blackish 
slate 


olive gray 


deep olive 


buff 


buffy brown 


¢ (Coror) 


1.633  (vina- 
ceous cinna- 
mon) 


1.640 (light 
grayish olive) 
1.633 (pale 


smoke gray) 


1.633 (pale 
smoke gray) 
1.633 (smoke 


gray) 


1.633 (light 
pinkish cinna- 
mon) 

1.633 


gray) 


(pearl 


1.633 (light 
olive gray) 
1.627 (light 
pinkish cinna- 
mon) 


1.640 (puri- 
tan gray) 
1.633 (vina- 
ceous buff) 


1.622 (pale 
olive gray) 


1.630  (min- 
eral gray) 

1.640 (light 
gull gray) 


1.633 
(cartridge 
buff) 
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w (CoLorR) 


1.655 (olivace- 


ous black) 


1.655 (dark 
grayish olive) 

1.662 (dark 
grayish olive) 


1.655 (slate 
olive) 

1.655 (olive 
brown) 


1.655 (bister) 


1.662 (hathis 
gray) 


1.655 (deep 
olive gray) 
1.662 (bister) 


1.657 (artemi- 
sia green) 
1.665 (olive 
brown) 


1.657 (olive 
gray) 


1.657 (Vetiver 
green) 
1.665 (slate 


gray) 


11.657 (honey 
yellow) 


wW-e 


0.022 


0.015 


0.029 


0.022 


0.022 


0.022 


0.029 


0.022 


0.035 


0.017 


0.032 


0.035 


0.027 


0.025 


0.025 
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TABLE I (continued) 


No. Location Cotor e (CoLor) w (COLoR) w-e 
POWDER 
39 |Baffinland dark olive 1.638 (pale |1.660 (deep 0.022 
gray olive gray) olive gray) 


1.642 (pale |1.662 (dark 0.020 
olive buff) olive buff) 

1.635 (pale 1.662 (dark 0.027 
olive buff) olive buff) 

1.633 (pale |1.662 (dark 0.029 
olive buff) olive buff) 


40 |Mt. Grace, Warwich, |dark gull 1.633 (smoke}1.662 (bluish 0.029 


Mass. gray gray) slate) 
41 olive gray 1.636 (drab |1.660 (olivace- |0.024 
gray) ous black) 
42 |Harford Co., Md. slaty black |1.638 (vina- |1.660 (black) |0.022 
ceous fawn) 
43 drab 1.627 (vina- |1.660 (buffy |0.033 
ceous buff) brown) 


1.633 (vina- |1.660 (buffy 0.027 
ceous buff) brown) 


44 |Ballewidden, St. olive gray 1.638 (pale |1.660 (slate) 0.022 


Just, Cornwall gull gray) 
45 |Luxullianite, olive gray 1.633 (smoke|1.660 (olive 0.027 
Cornwall ) gray) gray) 
46 |\Oracle, Ariz. slate 1.640 (avel- |1.660 (blue 0.020 
lanceous) black) 
47 deep neutral |1.636 (smoke|1.660 (black) {0.024 
gray gray) 
48 deep neutral |1.633 (vina- |1.660 (olive 0.027 
gray ceous fawn) black) 
49 dark neutral |1.637 (light |1.660 (black) {0.023 


gray grayish olive) 
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TABLE I (continued) 
No. LocaTIon Cour « (Cotor) w (CoLor) w-e 
POWDER 
50 dark neutral |1.638 (vina- |1.660 (black) |0.022 
gray ceous buff) 
1.640 (smoke}1.664 (olivace- |0.024 
gray) ous black) 
51 buffy brown |1.638 (pale |1.660 (olive 0.022 
smoke gray) brown) 
1.636 (pale |1.662 (slate 0.026 
smoke gray) gray) 
52 olive brown |1.633 (pale |1.660 (slate 0.027 
smoke gray) | olive) 
1.636 (smoke|1.660 (olive 0.024 
gray) brown) 
1.640 (light |1.664 (dark 0.024 
Tyrian blue) | Tyrian blue) 
53 olive green [1.640 (pale |1.662 (dark 0.022 
olive buff) olive buff) 
1.638 (pale |1.662 (dark 0.024 
olive buff) olive buff) 
54 |Sarapulka, Kathar- [slaty blue 1.640 (vina- [1.662 (black) |0.022 
inenburg, Ural ceous fawn) 
1.640 (vina- |1.667 (black) |0.027 
ceous fawn) 
55 |Chester, Mass. slate 1.638 (pale {1.662 (artemi- |0.024 
smoke gray) | sia green) 
1,633 (pale |1.662 (artemi- |0.029 
smoke gray) | sia green) 
56 |Macon Co., N.C. slate 1.633 (vina- |1.662 (dark 0.029 
ceous buff) olive) 
1.644 (olive |1.664 (storm |0.020 
gray) gray) 
57 |Warwick, N. Y. slate gray 1.633 (vina- |1.662 (dark 0.029 
ceous buff) olive) 
1.638 —(olive |1.666 (storm |0.028 
gray) gray) 
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TABLE I (continued) 
No, LocaTIOon Conor e (CoLoR) w (CoLor) w-€ 
POWDER 
58 |Greenland greenish gray|1.633 (olive |1.662 (deep 0.029 
buff) olive) 
59 |San Diego, Calif. dull slate 1.633  (vina- |1.662 (dark 0.029 
gray ceous buff) | olive) 
60 |Greenland mouse 1.645 (tilleul |1.662 (deep 0.017 
buff) olive) 
61 |Edinburgh, N. J. grayish olive |1.640 (gray- |1.622 (dark 0.022 
ish olive) grayish olive) 
62 |Pierrepont, N. Y. neutral gray | 1.640 (pale {1.662 (black) {0.022 
smoke gray) 
63 |Springfield, Vt. neutral gray |1.636 (smoke|1.662 (black) |0.026 
gray) 
1.636 (pale |1.662 (deep 0.026 
green blue green blue 
slate) slate) 
64 |Madagascar slate 1.640 (pale |1.662 (black) {0.022 
smoke gray) 
65 |Haddam, Conn. deep neutral |1.633 (drab |1.662 (blackish |0.029 
gray gray) slate) 
66 |Springfield, N.H. slate 1.640 (drab |1.662 (blackish |0.022 
gray) slate) 
67 |East Hebron buffy brown |1.633 (pale |1.662 (deep 0.029 
smoke gray) | olive) 
68 |Sylvan Lake, S.D. _ [dark olive 1.638 (smoke}1.662 (deep 0.024 
gray gray) slate green) 
1.638 (pale {1.662 (dark 0.024 
smoke gray) | olive buff) 
1.638 (pale {1.662 (black) {0.024 
smoke gray) 
69 |Chester, Phil. slate 1.633 (pale |1.662 (olivace- |0.029 


smoke gray) 


ous black) 
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TABLE I (continued) 
No LocaTIon CoLor e (CoLor) w (COLor) we 
POWDER 
*70 |St. Lawrence Co. deep neutral /1.636 (pale |1.662 (deep 0.026 
gray smoke gray) | grayish olive) 
71 |Tate Quadrangle, blue black {1.640 (light {1.662 (black) |0.022 
Georgia cinnamon 
drab) 
72 |North of Tate, Ga. |slate 1.638 (pale |1.662 (blue 0.024 
brownish drab)| black) 
73 |Tate Quadrangle, slate 1.640 (light {1.662 (blue 0.022 
Ga. cinnamon black) 
drab) 
74 |Filchburg, N.Y. dark olive 1.636 (dark |1.662 (dark 0.026 
gray olive buff) olive) 
75 |Pringle, S.D. deep neutral |1.640 (smoke/1.662 (deep 0.022 
gray gray) grayish olive) 
76 |Pine Creek, Idaho __|slate color 1.640 (vina- |/1.662 (bluish {0.022 
ceous fawn) black) 
* 77 |Shoup area, Idaho {bluish black |1.640 (vina- |1.662 (bluish [0.022 
ceous fawn) black) 
78 |Middletown, Conn. slate 1.640 (vina- |1.662 (black) |0.022 
ceous buff) 
*79 |Custer, S.D. buffy brown |1.633 (olive |1.662 (olive 0.029 
buff) brown) 
80 |Eastern Manitoba _ |slate 1.638  (vina- |1.662 (slate 0.024 
ceous buff) black) 
81 |Freemont Co., Colo. |slate 1.633  (vina- |1.662 (black) |0.029 
ceous fawn) 
82 |10 miles S.E. Custer, |slate 1.640 (pale |1.662 (green 0.022 
S.D: green blue blue slate 
slate) 
1.633 (pale |1.664 (gray- 0.031 
smoke gray) | ish olive) 


Er 


* Selected for analysis. 
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TABLE I (continued) 
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LocatTIon 


COLOR 
POWDER 


e (CoLorR) 


w (CoLor) 


a 


84 


85 


86 


87 


88 


89 


90 


91 


92 


93 


Westport, Ontario 


Ash River Falls, 
Minn. 


Rainy Lake, Minn. 


dark olive 
gray 


dark neutral 
gray 


light slate 


slate 


Giant’s Range, Minn.|deep neutral 


Southern California 


Cripple Creek, Colo. 


Bamhe, Norway 


Auburn, Me. 


Oracle, Ariz. 


gray 


slate 


drab 


dark olive 
gray 


slate 


deep olive 


1.638 
gray) 

1.640 (pale 
vinaceous 
fawn) 


1.633 (vina- 
ceous buff) 


1.638 (pale 
smoke gray) 
1.640 (pale 
smoke gray) 


1.636 (drab 
gray) 

1.638 (drab 
gray) 

1.640 (vina- 
ceous buff) 

1.640 (pale 


smoke gray) 


1.640 (pale 
smoke gray 
1.640 (pale 


smoke gray) 


1.638 (white) 
1.640 (chamois) 


1.633 (pink- 
ish cinnamon) 


1.640 (light 
Varley’s gray) 


1.640 (deep 
olive buff) 


(smoke}1.662 (deep 


olive) 
1.664 (dark 
neutral gray) 


1.662 (dark 
olive) 


1.662 (dark 


gull gray) 
1.664 (tawny 
olive) 


1.662 (black) 


1.662 (olivace- 
ous black) 


1.662 (black) 


1.662 (dark 
grayish olive) 
1.662 (slate 


gray) 
1.662 (storm 


gray) 


0.029 


0.024 


0.024 


0.026 


0.024 


0.022 


0.022 


0.022 


0.022 


1.662 (chamois)|0.024 
1.662 (Isabella |0.022 


color) 


1.662 (dark 
olive) 


1.662 (blue 
black) 


1.662 (dark 
olive) 


0.029 


0.022 


0.022 
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TABLE I (continued) 


94 |Oracle, Ariz. 


95 


96 


97 


98 


99 


100 


102 


103 


104 


Oracle, Ariz. 


Oracle, Ariz. 


Oracle, Ariz. 


Oracle, Ariz. 


Oracle, Ariz. 


Oracle, Ariz. 


Jellicoe, Ontario 


LocaTIon Sores e (COLOR) w (COLOR) | w-e 
POWDER 
bluish slate |1.638  (avel- |1.662 (black) |0.024 
lanceous) 
slate 1.640 (vina- |1.662 (black) |0.022 
ceous fawn) 
bluish slate |1.638 (vina- {1.662 (black) |0.024 
ceous buff) 
blackish slate|1.638 (vina- |1.662 (black) |0.024 
ceous fawn) 
blackish slate]1.640 (vina- |1.662 (black) |0.022 
ceous fawn) 
blackish slate|1.636 (vina- |1.662 (black) |0.026 
ceous fawn) 
blackish slate}1.638 (vina- |1.662 (black) |0.024 
ceous buff) 
Hornpayne, Ontario |drab 1.633 (pale |1.662 (slate 0.029 
smoke gray) gray) 
1.638  (vina- |1.664 (olive 0.026 
ceous buff) black) 
chaetura 1.638 (pale |1.662 (deep 0.024 
drab smoke gray) gull gray) 
1.640 (vina- |/1.664 (chaeturaj0.024 
ceous buff) drab) 
mouse gray |1.640 (pale |1.662 (neutral [0.022 
(center) neutral gray | gray) 


slate color 
(edge) 


blackish 
slate 


1.633 (cin- 
namon buff) 
1.640 (pale 
purplish gray) 


1.640  (vina- 
ceous buff) 
1.649 _ (gull 


gray) 


1.665 (tawny |0.032 
olive) 


1.665 (slate 0.025 
color) 

1.662 (black) |0.022 
1.665 (slate 0.016 


gray) 


106 


107 


108 


109 


110 


111 


112 


113 


114 
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TABLE I (continued) 
Location CoLor e (COLOR) w (Cotor) w-e 
POWDER 
deep mouse |1.633 (vina- |1.662 (black) {0.029 
gray ceous buff) 
1.636 (pallid |1.665 (neutral |0.029 
neutral gray) | gray) 
deep gull 1.636 (light 1.662 (slate 0.026 
gray gull gray) gray) 
Botallack, St. Just, {drab 1.636 (pale 1.662 (dark 0.026 
Cornwall olive buff) olive buff) 
1.640 (gull /1.665 (slate) {0.025 
gray) 
Westport, Ontario deep neutral {1.644 (smoke|1.662 (olivace- 0.018 
gray gray) ous black) 
Hugo Mine, Key- cinnamon 1.636 (pink- |1.662 (clay) 0.026 
stone, S.D. drab ish buff) 
Keystone, S.D. slate gray 1.640 (gull {1.665 (slate) {0.025 
gray) 
dark neutral [1.640 (deep |1.662 (slate) {0.022 
gray gull gray) 
1.636 (vina- |1.665 (blue 0.029 
ceous buff) black) 
1.636 (tilleul |1.668 (blue 0.032 
buff) black) 
St. Malo, France snuff brown |1.633 (light 1.662 (snuff 0.029 
pinkish cinna- | brown) 
mon) 
Haddam Neck, slate 1.640 (light |1.664 (dark 0.024 
Connecticut drab) grayish olive) 
New York City lily green 1.640 (light |1.664 (dark 0.024 
drab) grayish olive) 
Oxford, Me. slate gray 1.638 (pale |1.664 (black) |0.026 
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smoke gray) 


ceous buff) 
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TaBLe I (continued) nomen 
No LocaTION Cotor ¢ (CoLor) w (COLOR) we 
POWDER 
116 |Snarum, Norway light neutral |1.640 (pale |1.664 (light 0.024 
gray smoke gray) | brownish olive) 
117 |Lawrenceville, N.J. |dark olive 1.637 (vina- |1.664 (dark 0.027 
gray ceous buff) olive) 
118 |Greener, Tyrol mineral gray |1.635 (smoke|1.664 (olive 0.029 
gray) green) 
119 |Hebron, Me. buffy brown |1.635 (olive |1.664 (dark 0.029 
buff) olive buff) 
buffy brown |1.649 (cin- [1.672 (sepia) {0.023 
namon buff) 
120 |Acworth, N.H. blue gray 1.640 (smoke/1.664 (slate 0.024 
gray) gray) 
121 |Hayward, S.D. hair brown /1.633 (dark |1.664 (dark 0.031 
olive buff) olive) 
122 |Fitchburg, Mass. chaetura 1.638 (pale |1.664 (gray- |0.026 
: drab smoke gray) ish olive) 
123 |Harney Peak, S.D.  |slate gray 1.640 (pale |1.664 (gray- [0.024 
smoke gray) ish olive) 
124 slate color |1.649 (light |1.664 (slate) |0.025 
neutral gray) 
1.640 (vina- |1.668 (black) |0.028 
ceous buff) 
1.638 (vina- |1.668 (black) |0.030 
ceous buff) 
1.649 (light |1.664 (slate) {0.015 
neutral gray) 
125 |Grassy Island, Rainy|slate 1.636 (pale {1.664 (deep 0.028 
Lake, Minn. smoke gray) grayish olive) 
126 |Round Lake, Minn. [slate 1.640 (vina- |1.664 (black) |0.024 
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TABLE I (continued) 


127 


128 


129 


130 


131 


132 


133 


134 


135 


136 


LocaTIOoNn 


Auburn, Me. 

Canyon City, 
Colo. 

Pierrepont, N.Y. 


Saxony 


Pechofen, Saxony 


Springfield, N.H. 


K6nigsberg, Norway 


163 


CoLoR 
eee e (CoLor) w (CoLor) 
slate 1.636 (smoke|1.664 (slate) 
gray) 
dark neutral |1.640 (smoke/1.664 (black) 
gray gray) 
dark grayish |1.640 (light |1.664 (dark 
olive drab) grayish olive) 
deep olive 1.640 (pale /1.664 (deep 
gray smoke gray) grayish olive) 
olive gray 1.640 (pale |1.664 (deep 
smoke gray) grayish olive) 
buffy brown /1.640 (smoke/1.664 (olive 
gray) brown) 
blue gray 1.640 (pale |1.664 (green 


1.644 


greenish slate/1.640 


vinaceous 


buff) 

1.649 

drab) 

deep mouse {1.640 


gray 
1.640 


1.640 
blue) 
1.640 
buff) 
dark grayish |1.649 
olive 


1.633 


ceous buff) 


olive gray) 


olive gray) 


ceous fawn) 


smoke gray) 


gull gray) 


blue slate) 
(light |1.675 (dark 
olive gray) 


1.664 (dark 
olive) 


(pale 


(citrine|1.670 (deep 
olive) 


(vina- |1.665 (bluish 

black) 

1.665 (bluish 

black) 

1.665 (medium 

blue) 

(tilleul |1.665 (deep 
olive) 


(pale 


(light 


(deep |1.665 (slate 


gray) 
(vina- |1.668 (deep 
olive) 


0.028 


0.024 


0.024 


0.024 


0.024 


0.024 


0.024 


0.031 


0.024 


0.021 


0.025 


0.025 


0.025 


0.025 


0.016 


0.035 
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TaBLE I (continued) 
No LocaTION Cotor e (CoLor) w (COLOR) w-e 
POWDER 
137 |Bristol, Conn. dark olive 1.649 (light |1.665 (deep 0.016 
gray olive gray) olive gray) 
138 |Custer, S.D. deep neutral |1.633 (pale |1.665 (deep 0.032 
gray smoke gray) grayish olive) 
1.640 (pale |1.672 (deep 0.032 
green blue) green blue 
slate) slate) 
139 slate 1.640 (pale {1.665 (deep 0.025 
smoke gray) | grayish olive) 
slate 1.640 (pale |1.665 (blackish |0.025 
violet gray) violet gray) 
140 1.640 (light |1.665 (bluish |0.025 
vinaceous black) 
fawn) 
141 slate gray 1.640 (pallid |1.665 (slate 0.025 
neutral gray) | gray) 
142 Payne’s gray |1.633 (pale |1.665 (Payne’s |0.032 
smoke gray) | gray) 
143 Luxulyan, St. Au-_|neutral gray {1.640 (pale |1.665 (slate 0.025 
stell, Cornwall gull gray) color) 
144 |St. Lawrence Co., _|slate gray 1.633 (pale |1.665 (neutral |0.032 
N.Y. neutral gray) | gray) 
145 |Birse Lake, pale neutral {1.633 (pale {1.665 (smoke [0.032 
Manitoba gray smoke gray) | gray) 
146 |Harney Peak, S.D. |slate 1.636 (pale {1.665 (black) {0.029 
smoke gray) 
147 slate 1.638  (vina- |1.665 (black) |0.027 
ceous buff) 
1.658  (celan-|1.672 (artemi- {0.014 
dine green) sia green) 
148 |Deadwood, S.D. olive gray 1.633 (smoke|1.665 (olive 0.032 
gray) gray) 
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TABLE I (continued) 


No. 


LocaTION 


149 


150 


151 


152 


153 


154 


155 


156 


157 


*158 


Las Vegas, N.M. 


Bob Ingersoll 
Mine, Keystone, 
S.D. 


Moravia 


Newhouse, Utah 


Portugal 


Hebron, Me. 


Haddam, Conn. 


Thousand Islands, 


St. Lawrence River 


CoLor 


Pomake e (CoLoR) w (CoLor) 


slate 1.640 (pale {1.665 (neutral 


neutral gray) | gray) 


deep mouse {1.633 (smoke/1.665 (olive 
gray gray) gray) 


1.640 (light |1.665 (slate 
gull gray) color) 


beaver brown/1.638 (pale {1.666 (mars- 
maize yellow) | yellow) 
1.640 (maize |1.668 (mars- 
yellow) yellow) 
1.645 (light |1.668 (cad- 


orange yellow)| mium yellow) 


slate 1.640 (vina- |1.668 (black) 
ceous buff) 
deep mouse /1.633 (pale [1.668 (deep 
gray smoke gray) grayish olive) 
slate 1.649 (vina- |1.668 (black) 


ceous fawn) 


neutral gray {1.649 (pale [1.670 (clear 


smoke gray) | Payne’s gray) 


1.640 (white)|1.670 (smoke 


gray) 
1.649 (celan- |1.672 (artemi- 
dine green) sia green) 


slate 1.640 (vina- |1.672 (black) 
) ceous buff) 


smoky gray |1.640 (smoke/1.672 (deep 
gray) olive) 


blue slate 1.644 (vina- |1.672 (black) 
ceous fawn) 


165 


0.025 


0.032 


0.025 


0.028 


0.028 


0.023 


0.028 


0.035 


0.019 


0.021 


0.030 


0.023 


0.032 


0.032 


0.028 


* Selected for analysis. 
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TABLE I (continued) 


159 |Koma Gori, Kai 


160 


161 


162 


163 


166 


167 


168 


169 


170 


Province, Japan 


DeKalb, N.Y. 


Kai, Japan 


Kinkles Quarry, 


N.Y. 


Pierrepont, N.Y. 


Syme, N.H. 


Chester, Pa. 


Cornwall, Eng. 


Sonnenberg, Hartz 


Mts. 


Johnsberg, N.Y. 


San Diego, Calif. 


slate 1.649 (light |1.672 (deep 
grayish olive) | olive) 
(edeey 111 649 (pale [1.677 (alizarin 
gray) blue) 
1.644 (light |1.674 (deep 
grayish olive) | olive) 
Kcemter) V1) 6469). (cake (1.674 (alizarin 
smoke gray) | blue) 
blue slate 1.640 (smoke|1.672 (blue 
gray) black) 
blue gray 1.649 (light |1.672 (slate 
gull gray) gray) 
dark purplish|1.646 (pale {1.672 (dark 
olive smoke gray) grayish olive) 
slate 1.640 (light {1.672 (dark 
drab) grayish olive) 
slate 1.649 (pale |1.672 (black) 


smoke gray) 


deep neutral |1.640 (light 
gray drab) 


slate 1.644 (pale 
smoke gray) 


neutral gray |1.636 (pale 
smoke gray) 


olivaceous {1.655 (light 
black drab) 


slate blue 1.640 (pale 
smoke gray) 


Bernice Lake, Man, |dark olive {1.640 (pale 


gray smoke gray) 


1.672 (black) 


1.672 (black) 


1.672 (black) 


1.672 (oliva- 


ceous black) 


1.672 (slate 
blue) 


1.672 (gray- 
ish olive) 


0.023 


0.028 


0.030 


0.028 


0.032 


0.023 


0.026 


0.032 


0.023 


0.032 


0.028 


0.036 


0.017 


0.032 


0.032 
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TABLE I (continued) 


171 


172 


173 


174 


175 


176 


177 


178 


179 


Cecil Co., Md. 
N. of Bernice Lake 
Man. 


Elba 


Cactus Mine, Utah 


Herman, N.Y. 


Predazzo, Tyrol 


Grafton, N.H. 


Crown Pt. N.Y. 


Moriah, Essex Co., 
N.Y. 


gray 
dark olive 
gray 


blue black 


slate 


iron gray 


dull greenish 


black 


slate 


slate 
(center) 


(edge) 


deep grayish 
olive 


| 
| 
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1.635 
namon) 


(cin- 


1.640 (pale 
smoke gray) 


1.649 (pale 

Russian blue) 

1.651... (Rus- 
sian blue 


1.653  (vina- 
ceous buff) 


1.655 (vina- 
ceous buff) 
1.640 (smoke 


gray) 


1.649 (vina- 
ceous buff) 


1.650 (smoke}|1.677 (artemi- 


gray) 


1.640 (vina- 
ceous fawn) 


1.662 (light 
pinkish cinna- 
namon) 


1.662 (light 
pinkish cinna- 
mon) 
1.675 (light 
pinkish cinna- 
mon) 


1.662 (light 
grayish olive) 


1.672 (black) 


1.672 (gray- 
ish olive) 


1.677 (delft 
blue) 

1.677 (deep 
delft blue) 


1.674 (olive 
black) 


1.674 (olive 
brown) 
1.677 (deep 


grayish olive) 


1.675 (black) 


sia green) 


1.677 (black) 


1.677 (black) 


1.677 (black) 


1.685 (black) 


1.682 (black) 


0.027 


0.032 


0.028 


0.026 


0.019 


0.019 


0.037 


0.026 


0.027 


0.037 


0.015 


0.015 


0.010 


0.020 


* Selected for analysis. 
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Powder colors in Table 1, were determined by taking powder 
crushed to 80 mesh and comparing with Ridgway’s Standard Col- 
ors.4? The pleochroic colors listed are also according to the nomen- 
clature of Ridgway. Pleochroism is strong in practically all colored 
tourmalines. 

Indices were compared by the Becke method with oils standard- 
ized upon a refractometer. Absorption is always w>e. So great is 
the absorption that the index of refraction of the ordinary ray was 
determined in some cases with the greatest difficulty. Only by se- 
lecting very thin fragments which allowed a little light to pass 
through could the measurement be made. 

Zoning is quite marked and readily determined when present. In 
the table where more than one value is given for a specimen, values 
so recorded represent different zones in the same crystal. As the 
powder method was adopted it is impossible to state the zoning 
sequence except in the large crystals. In some of the larger crystals 
the indices, and sometimes also the colors, were different. A vari- 
ation was also noticed in fragments of the same color. The differ- 
ence was not large but sufficient to be noticed. All fragments that 
possessed more than one color displayed a distinct line of demarca- 
tion between the color zones, although a Becke effect could not be 
obtained between the differently colored parts. In a few cases col- 
ors “fingered” into each other, but gradational effects were not ob- 
served. 

The tourmalines examined ranged from minute crystals to 
masses up to four inches. The small tourmalines were separated 
with difficulty from their gangue. In a few cases heavy liquids were 
resorted to. 


SELECTION OF MATERIAL FOR ANALYSIS 


To avoid the uncertainty of composition in a zoned crystal, ma- 
terial was selected for the most part from samples that were not 
zoned. The only tourmaline available in sufficient amounts from an 
ore deposit was, however, somewhat zoned. 

The first five analyses in the table of analyses were made upon 
good crystals that were mechanically separated from all gangue. 
Microscopic examination made it certain that all extraneous ma- 
terial was removed, except in one case where a yellowish-brown al- 


49 Color Standards and Color Nomenclature, R. Ridgway, Curator of the Division 
of Birds, United States National Museum, Washington, 1912. 


JOURNAL MINERALOGICAL SOCIETY OF AMERICA 169 


teration product was observed. This specimen was treated sepa- 
rately as appears later. 

The samples were ground to pass an 80-mesh sieve and in the 
main the methods of Hillebrand, Bulletin 700, United States Geolog- 
ical Survey, were followed. In the case of ferrous iron and alkalis, 
reduction to an impalpable powder was resorted to. Some inves- 
tigators* state that fine grinding in air produces a negligible quan- 
tity of ferric iron from ferrous. Clarke,‘ on the other hand, states 
that ferrous iron in tourmaline is readily changed to ferric and that 
fine comminution results in some oxidation. To determine the ac- 
curacy of the method several tourmaline crystals were powdered 
under absolute alcohol to prevent oxidation of the ferrous iron.” 
This is the best medium that has been suggested other than inert 
gases. With such a procedure no more ferrous oxide was found than 
when the grinding was done in air. It would appear that the 
amount of oxidation that has taken place in the preparation of the 
powdered tourmalines in air is negligible. 


TABLE II. ANALYSES 
G. W. Ward, Analyst 


8 38 70 158 179 79 23 
H,0— 0.62 0.22 0.18 0.06 0.16 0.28 0.10 
H,O+ 1.42 1.18 1.78 2.30 3.38 1.48 1.28 
SiO, 38°26 | 36,60) 36.18 | 34.70") 34:38 | 35.68 | 35.22 
CaO 0.18 1.18 4.02 0.38 2.36 0.38 2.02 
MgO 1.41 7.24 4.72 2.82 3.68 PDs 7.36 
Fe,03 1.94 2.48 5.09 5.04 6.88 5.15 5.49 
FeO 6.22 3.87 S210 8.02 14.73 7.07 5.59 
Al,O3 BORO a Soe Soe 32-05) | aor cfs i 24-051) 34.18: | 31525 
TiO, 0.14 0.71 0.72 0.27 0.80 0.80 0.71 
MnO 0.28 0.02 0.04 | trace | trace trace 0.16 
Na,O 1.46 0.92 0.80 0.84 1.45 2.18 2.34 
K,0 0.65 0.37 0.19 0.31 0.17 0.57 0.32 
Li,O0 Oot3 0.09 | trace trace nil 0.11 | trace 
B,03 11°32 9.91 8.85 1256 8.28 9.90 8.64 
Cr.03 0.10 0.04 | trace trace nil nil trace 
F trace nil trace nil nil trace nil 
Total 100.53-}-100.84 | 100.62 | 100.05 | 100.80 | 100.01 | 100.48 


O for Fz -- — = = = = 


eek A es ae 
41 Hillebrand, F. W., Bull., 700, U.S.G.S. 
42 Clarke, F. W., Bull., 588, U.S.G.S. 
43 Hillebrand, op. cit., p. 191. 
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Sp. Gr.= 3.097 | 3.089 | 3.075 | 3.104] 3.091} 3.100} 3.000 

€ 1.630 | 1.633] 1.636] 1.644] 1.662] 1.633} 1.636 

w 1.649] 1.655] 1.662] 1.672] 1.682) 1.662} 1.662 

w-€ .019 .022 .026 .028 .020 .029 .026 
Powder mineral | buffy deep blue deep buffy deep 

color gray brown | neutral | slate grayish} brown | neutral 
gray olive gray 


Pleochroic formulae 


€ court |cartridge} pale vinace- | light olive tilleul 
gray buff to | smoke | ous grayish | buff buff 
cream | gray fawn olive 
buff 
w pea- honey- | deep black black | olive neutral 
green yellow | grayish brown | gray 
olive 
Location of material 


8. Etta Mine, S.D.—pegmatite. 
38. Drummerstown, Vt.—pegmatite. 
70. St. Lawrence Co., N.Y.—pegmatite. 
158. Thousand Islands, St. Lawrence,—pegmatite. 
179. Moriah, Essex Co., N.Y.—pegmatite. 
79. Custer, S.D.—schist. 
23. Wiches, Montana—ore. 


ALTERATION OF A HIGH-IRON TOURMALINE 


Evidences of alteration were seen upon a hand specimen from 
Moriah, Essex County, New York, in the form of a brownish 
stain. Material for analysis was selected so as to avoid most of the 
altered portions. Completion of the chemical work produced the 
figures shown in column A, Table III. 

Attention was at once drawn to the very low silica and alumina 
content and the extreme values of both ferrous and ferric iron. 
Boron, too, is low, but a reference to Doelter’s“ admirable com- 
pilation of tourmaline analyses reveals one specimen with boron as 
low as 5.40 per cent. Several have values of 7.5 per cent or less. A 
microscopic examination indicated that much altered material was 
present. 

Purifying with acid was resorted to next. The material was di- 


“ Doelter, op. cit. 
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TABLE IIT. ANAtysis oF ALTERED TOURMALINE No. 179. 
G. W. Ward, Analyst 


A B Cc D 
H.O— 0.34 esi KS) 0.16 +0.98 
H,0-++ 4, ia 3 + 
SiO, 30.82 38.18 34.38 —3.56 
CaO 2.00 4.70 2.36 —0.36 
MgO 4.12 5.14 3.68 +0.44 
Fe,03 10.65 11.08 6.88 +3.77 
FeO 16.22 11.19 14.73 +1.49 
Al,Os 22.05 18.38 24.53 —2.48 
TiO, 0.89 0.89 0.80 +0.09 
MnO trace 0.05 trace 
Na,O 0.94 2.20 1.45 —0.51 
K,0 0.95 0.93 0.17 +0.78 
Li,O nil nil nil 
B,O; 6.12 5.76 8.28 —2.16 
Cr203 trace trace trace 
F nil nil nil 
Total 99.28 100.65 100.80 


A. Original specimen. 

B. Acid treated. 

C. Hand picked. 

D. Difference between original and hand picked. 


gested with cold, 1:4 hydrochloric acid until all soluble portions 
were removed. 

Treatment with hydrofluoric acid, as reported by Penfield and 
Foote,** was omitted, because it was found that finely ground tour- 
maline is attacked by the acid. After filtering and thorough wash- 
ing the material was air-dried. Column B gives the analysis of this 
acid treated material. The unexpected high percentage of silica 
led to the conclusion that residual silica must have remained after 
the acid treatment. A microscopic examination confirmed this. 
More silica, however, was apparent than would have represented 
the amount of alteration as indicated in A. Thus, it would appear 
that tourmaline had been altered by cold, dilute, hydrochloric 
acid. This is contrary to our knowledge of the chemistry of tour- 
maline. The suggestion then is advanced that some of the tour- 


48 Penfield and Foote, Am. Jour. Sc., 157, 7, 1899. 
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maline has undergone alteration, producing a product similar 
under the microscope to the unaltered tourmaline, but soluble in 
dilute hydrochloric acid. 

What was left of the original sample was crushed to pass a 40 
mesh sieve, and the unaltered material carefully selected by means 
of a hand lens. This was further crushed to pass 80 mesh and the 
few altered pieces then visible were discarded. This separation 
excluded all altered material. Upon this material a chemical analy- 
sis was made and it appears as sample 179, Table II. It is believed 
that this composition represents very closely the unaltered tour- 
maline. 

These analyses were recalculated to 100 per cent and appear 
below. 


CALCULATIONS BASED ON Data OF TABLE III* 


I II Ill IV Vv 

H,0— 0.16 0.34 0.37 +0.21 47 
H,0+ 3.29 4.14 4.55 +1.26 79.5 
SiO, 33.56 30.49 33.48 —0.08 110.0 
CaO 2.30 1.98 2.18 ——OhZ 116.1 
MgO 3.09 4.07 4.47 +0.88 88.2 
fai ? 2204 28.36 31.14 +8.43 80.1 
» _Al,Os 23.95 21.82 23.95 0.00 110.2 
TiO, 0.78 0.88 0.92 +0.14 88.6 
Na,O 1.41 0.93 1.06 —0:35 151.9 
K,0 0.17 0.94 1.04 +0.87 18.1 
B203 8.08 6.05 6.64 —1.44 133.6 

Total 100.00 100.00 109.8 +9.80 


I. Unaltered tourmaline analysis recast. 
II. Altered tourmaline analysis recast. 
III. Altered tourmaline expressed in grams per 100 grams of unaltered mineral, 
assuming total alumina to have remained constant during alteration. 
IV. Losses and gains in grams during alteration of 100 grams of tourmaline, 
assuming total alumina constant. 
V. Relative gains and losses expressed as quotients by dividing the percentage 
in the unaltered phase by its percentage in the altered and multiplying by 
100. 


* The above table and explanation is according to Leith and Meade, Metamor- 
phic Geology, pp. 8 and 288, 1915. 
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Using the values in column V, a graph has been constructed, 
see Fig. 1. The graph shows only relative gains and losses. If any 


O70 20 JO #0 50 60 7 80 50 100 Wo 20 K30 MO 


Fie. 1. 


constituent can be considered as constant, not decreasing or in- 
creasing, during alteration, then all constituents to the right of 
this point upon the graph represent losses, and all to the left repre- 
sent gains. 

The assumption has been made that the total alumina is con- 
stant. Interpreting Fig. 1 under these conditions, water, potash, 
iron, magnesia, and titanium have been added. Silica and alumina 
are practically constant. Lime, boric oxide and soda have been 
lost. Such a change suggests conditions of alteration by weather- 
ing. Optically the alteration product is of a yellowish-brown color, 
nonpleochroic and possesses a very low birefringence. Good inter- 
ference figures are difficult to obtain but the indication is that the 
fragments are uniaxal. The indices vary, for e from 1.661 to 1.695 
and for w from 1.712 to 1.722. 


174 THE AMERICAN MINERALOGIST 


DISCUSSION OF ANALYSES 


ISOMORPHOUS RELATIONSHIPS 

Certain isomorphic relationships have to be considered. All in- 
vestigators are agreed that the fluorine and hydroxyl radicles re- 
place each other. Mutual replaceability of the oxides, such as 
lime, magnesia, manganous oxide and ferrous oxide, is conceded. 
The alkalis are isomorphous. Ferric oxide and chromic oxide can 
replace alumina. Titanium has always presented difficulties in 
the tourmalines. Some analysts consider that it is trivalent re- 
placing aluminum, while others look upon it as tetravalent and in- 
clude it with the silicon. Penfield and Foote* consider it as being 
trivalent, simply because it gives them a better ratio in their at- 
tempts at deriving formulae. 

In crystal structure work it has been found that silicon possesses 
four valence co-ordinates. These co-ordinates in the case of silicon 
unite oxygen atoms to the silicon. The structure is such that the 
oxygen occupies the four corners of a tetrahedron, with silicon in 
the centre of such a so’id figure. Aluminum has six valence co- 
ordinates in crystal structures like the spinels, which tie six oxygen 
atoms to the central aluminum atom. The figure is that of an octa- 
hedron with the oxygens occupying the corners. 

Titanium compounds so far investigated have six coordinates, 
and never four; and thus resemble aluminum in arrangement of 
oxygen atoms. Rutile exhibits a somewhat distorted octahedron 
with titanium in the center surrounded by six oxygen atoms, placed 
one at each corner of the figure. In anatase the arrangement is the 
same as for rutile but much more distorted. The aluminum in gar- 
net has recently been shown by Menzer" to be surrounded by oxy- 
gen atoms in much the same manner as titanium in rutile and 
anatase. From such considerations, remembering that chemical 
valence and valence co-ordinates are not the same, one concludes 
that titanium cannot be isomorphous with silicon but that it re- 
places aluminum. Most investigators have adopted the idea of 
Penfield and Foote, considering for what seems to be the same 
reason as theirs, titanium isomorphous with aluminum. 

When the analyses of Table II are recalculated, taking into ac- 
count relationships expressed above and then plotted against their 
respective birefringence, a series of graphs result. These appear 


46 Penfield and Foote, op. cit., p. 117. 
47 G, Menzer, Z. Kryst., 69, 300-397, 1928. 
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in Fig. 2. The recalculated analyses are shown in Table IV and 
may be identified by the letter ‘“‘W”’ following the original number. 


Fic. 2. 


INTERPRETATION OF RECAST ANALYSES 


The irregular lines in Fig. 2 bring out several interesting relation- 
ships. The soda curve varies little, with a tendency to increase as 
the birefringence increases. Magnesia also increases toward the 
right, until birefringence 0.026 is reached. It decreases from this 
point on. Alumina and silica follow each other except for bire- 
fringence 0.020 and 0.028. Low silica and alumina with high fer- 
rous oxide is not out of accord with the literature. But one would 
expect a higher birefringence for specimen 179, since it is claimed* 
that an increase in iron is the cause of an increase in birefringence. 
Again the divergence between silica and alumina at birefringence 
0.028 appears anomalous. The alumina is unusually high but early 
analyses do not indicate that such a condition is irregular. A speci- 
men from Elba has been analyzed by two investigators indepen- 
dently, Schaller*? and Rammelsberg®® and each found approxi- 
mately 44 per cent alumina. Doelter’s compilation has many 


48 Kunitz, (Halle,) Centralbl. fiir Mineralogie, 1926. 
Wiilfing, E. A., op. cit. 
Schaller, W. F., op. cit. 

49 Schaller, W. F., op. cit., p. 324. 

50 Rammelsberg, Abh. Berliner Ak., p. 74, 1890. 
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analyses with over 40 per cent alumina. With high alumina, as 
a rule, the iron is not over 6 per cent, but in sample number 158 
the iron is 8 per cent. This is not excessive for an iron tourmaline 
but is too high when associated with a large percentage of alumina. 
The curve for ferrous oxide is very irregular, particularly in speci- 
men 179. The boric oxide and the water increase and decrease 
together except at birefringence 0.020, here they diverge, the 
water increases and the boric oxide decreases. In the main both of 
these last curves are irregular. The remaining oxides are not ab- 
normal. 

In general, specimens 158 and 179 are not compatible with the 
others. For number 179 the silica and alumina are very low, but 
the ferrous iron is high. When number 158 is considered, the 
alumina and iron have both increased and the magnesia decreased. 
The silica does not follow the alumina curve but decreases slightly. 

From the above, it apparently requires a combined increase in 
ferrous oxide and magnesia to offset a decrease in both alumina 
and silica. An increase in alumina alone is nullified by a decrease 
in magnesia, provided the ferrous oxide is constant or nearly so, 
as may be assumed in specimen 158. 


068 220 022 024 1026 028 030 032 O34 OIE O38 
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RECAST ANALYSES COMPARED WITH THOSE IN THE 
LITERATURE 

Eighteen analyses were taken from the literature, recast, and 
plotted along with the black tourmalines analyzed here. Arbi- 
trary curves were drawn and these appear in Figs. 3and 4. Not all 
additional analyses are of black tourmalines. For the most part 
the seven tourmalines of this paper agree with earlier results. Silica 
and soda are represented by straight lines. The alumina decreases 
surprisingly when the birefringence has passed 0.029. The boric 
oxide is normal until near the end where it takes a sudden jump 
upwards. The curve for water indicates slight variation. Magnesia 
and ferrous oxide curves are extremely irregular, their increase and 
decrease is suggestive of isomorphous replacement. The decrease 
in ferrous oxide may be enough to make up for the sudden rise in 
magnesia. Analyses and optical data used in plotting the curves 
of Figs. 3 and 4 are shown in Table IV. 

Wm. M. Agar®! has determined the refractive indices for a num- 
ber of minerals from the Adirondacks. Among these are a few 
tourmalines which he relates to chemical analyses given in Dana. 
Agreement with the curves drawn here is very close. 


5 Am, Phil, Soc,, vol. 62, 95, 1923. 
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TABLE IV. Recast ANALYSES 


NUMBER | ORIGINAL 
ON W-€ SiO, 
GraAPH | NUMBER 

1 3S .018S | 36.72 
2 34R .019S | 36.87 
3 2S .019S | 37.57 
4 8W .019W| 38.34 
5 35R .020S | 35.88 
6 5S .020S | 36.38 
7 179W .020W] 34.83 
8 1S .021S | 37.89 
9 38W .022W} 36.55 
10 27R .024W] 35.47 
11 29R .024W] 36.70 
12 70W .026W] 36.70 
13 23W .026W} 35.66 
14 28R .027W} 36.80 
15 158W .028W| 35.28 
16 15R .029W}| 35.05 
17 19R .029S | 34.87 
18 79W .029W| 36.00 
19 17J .030S | 35.28 
20 21R LOSI: (nopeOm 
21 6S FOSIST P35 a2 
22 31R .032W| 36.17 
25 5 203 5.au|eooe 5 
S—Schaller 

J—Jannasch-Kalb 

R—Riggs 

W—Ward 


Al,O3 B20; Na,.O H,0 
41.31 | 10.60 | 5.93 | 3.33 
29.83 | 10.85 | 1.29 | 3.43 
42.18 | 10.65 | 5.95 | 3.38 
BOie25uielles on el eo wee Os 
29.22 | 10.64 | 1.08 | 3.53 
SOL |e Sd eoewiom ae 29 
SPAN (hoe SU ial aGi7e IN. Seesks: 
43.85 | 10.28 | 6.03 | 3.49 
39.07 | 9.88 | 1.17 | 1.40 
30.86 | 10.49 | 1.87 | 3.61 
SSA035|| MONOSE eZ rosa oa 
38.54 | 8.98 | 0.91 | 1.99 
Skontsyh | dsiev ovale Aerteial| week? 
32.65 | 9.76 | 2.84 | 3.83 
42.39 | 7.67 | 1.05 | 2.40 
34.02 | 9.64 | 2.23 | 3.63 
So Sai) 9/00 25465) 3258 
SOROT a 29-998 260M Lait 
SS O07, OOP 27325 Sea 
31.90 | 9.96 | 2.39 | 3.63 
36.24 | 10.43 | 1.92 | 3.51 
26.34 | 10.31 | 1.67 | 3.53 
31.30 | 11.29 | 1.48 | 2.93 


_— 


CONNMNNNAWOWORADAOA 
(oe) 
oo 


14.31 


It is claimed by some investigators that the birefringence is a 
function of the density. The denser the mineral the higher its 
birefringence. An investigation along this line was suggested by 
Dr. Gruner. He derived for each element its ‘‘ion number.” These 
numbers are simply the atomic numbers of the elements plus or 
minus their valence electrons. Hence, oxygen, which is a negative 
element, has an ion number of 8 plus 2, or 10; potassium’s ion 
number, since potassium is a positive element, is 19 minus 1, or 
18. Their total is obtained by multiplying the necessary ion num- 
bers by the proper percentages of the analyses shown in Table IT. 
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This sum is an indication of the packing of the ions. If the struc- 
ture is ‘“‘close-packed”’ an increase in the sum would mean an in- 
crease in density, and an increase in optical refraction and bire- 
fringence. A number of analyses from the literature as well as 
those analyzed here were treated in this way but did not reveal 
any relationship with respect to optical properties. Neither could 
a close relationship between density and birefringence be detected. 
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TotTAL IRON COMPARED WITH OPTICAL DATA 


The micas” and pyroxenes® have been found to increase in index 
and birefringence as the percentage of iron increases. The sug- 
gestion was obtained from the above papers that perhaps in the 
tourmaline group some such relationship might be found. This 
prompted the curves plotted in Fig. 5. 

In Fig. 5 the refractive indices for the ordinary and extraordin- 
ary rays are plotted against the total iron. With low birefringence 
and low indices the per cent of iron is likewise low, as the iron in- 
creases so do the indices and birefringence. A maximum birefrin- 
gence is apparently reached for tourmalines containing between 
12 per cent and 16 per cent total iron, whereas the indices continue 
to increase. These facts are brought out in the table below. The 
decrease in birefringence, however, is based almost wholly on one 
specimen from Moriah, New York, specimen 179. 


PERCENT OF TOTAL 


TRON AS Fe203 w € w—-e 
0-10 1.650 1.629 .021 
10-20 1.667 1.637 .030 
20-30 1.680 1.662 .020 


The increase in either ferrous or ferric iron does not seem to be 
separately the cause of increase in index. This probably is mainly 
due to the lack of a constant ratio between these oxides. In the 
compilation of the above data literature upon the subject was 
freely consulted and the following information derived and plotted. 

No relationship could be discerned between the powder color 
and the chemical composition. Nor can any relationship be seen 
with the optical properties. An attempt was made to correlate the 
colors of ¢ and w rays with the indices and birefringence. No con- 
nection between these properties was revealed. This much may be 
stated however, from 179 tourmalines examined 142 gave a powder 
color that was some shade of gray; 10 were drab; 9 were blue-black; 
16 were brown and two were green. As to the pleochroic formula, 
69 specimens were buff colored for e; 84 were gray; 12 were drab; 
5 were blue; 8 were pinkish cinnamon and 1 was white. The color 


52 Grout, F. F., Am. Mineral., vol. 9, No. 8, p. 159, 1924. 
53 Winchell, A. N., Am. Jour. Sc., vol. 111, p. 504, 1923. 
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TABLE V 

TOTAL FE Spor 
NUMBER ANALYST AS Brirer. € w ON 

FeO; GRAPH 
169 Ward 14.33%) .032 1.640 1.672 1 
60 os 8.63 .017 1.638 1.655 2 
9 ) 5.93 .016 1.633 1.649 3 
20 * 5.83 cOLS 1.638 1.653 4 
171 0 i .037 1035 1.672 5 
166 . 17.10 .031 1.644 1.675 6 
8 - 9.11 .019 1.630 1.649 7 
38 = 7.04 .022 1.633 1.655 8 
70 " 11.01 .026 1.636 1.662 9 
158 § 14.21 .028 1.644 1.672 10 
179 « BSe22 .020 1.662 1.682 11 
79 bs 13.00 .029 1633 1.662 12 
23 S L710 .026 1.636 1.662 13 
15 Riggs and Schaller!) 15.90 .029 1.637 1.666 14 
19 = 15.45 .029 1.633 1.662 15 
21 2 13.69 .032 1.640 1.672 16 
27 5 9.13 .024 1.638 1.662 17 
28 s 4.22 .027 1.622 1.649 18 
29 SS 2.78 .024 1.620 1.644 19 
ol be 9.54 .032 1.640 i672, 20 
35 ~ 0.98 .020 1.618 1.638 aN 
VII a 4.07 .028 1.628 1.653 22 
34 Penfield and Foote? 0.25 .019 1.614 1.633 23 
MA Jannasch-Kalb® 15.98 .030 1.632 1.662 24 
1 Schaller* 0.24 .021 1.630 1.651 25 
2 . 0.42 .019 1.628 1.647 26 
3 i 2.93 .018 1.628 1.646 27 
5 ¥ 7.74 .020 1.630 1.650 28 
6 ¢ 13.45 .031 1.638 1.669 29 


1 Schaller, W. T., Inaug. Diss., Zeit. Kryst., 51, 332, 1912. 
Riggs, R. B., Am. Jour. Sci., Series III, vol. 35, p. 49. 


2 Penfield and Foote, Am. Jour. Sci., Series IV, vol. 7, p. 107. 


3 Jannasch-Kalb, see Reiner, op. cit. 
4 Schaller, W. T., op. cit. pp. 324-332. 


of w is somewhat different, 82 were grayish; 63 were black; 9 were 
green; 8 were blue; 5 were yellow; 9 were brown; one was white 
and one pinkish cinnamon. One specimen showed a gradation in 
color for w, from sage green to black. 
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In general when values for @ ate below 1.662 the colers of the 
fragments are light. Above 1.660 buifs come im and a gemeral dari- 
ening results. 

Considering the composition of the black teurmalines and the 
color of the hand specimens the conclusion 8 reached that a mie 
ture of ferrous and ferric iron apparently 8s the cause ef the celer, 
the same as in the micas and other ferromagnesium minerals 

COMPARISON OF ANALYSES OF TOURMALINES FROM VARIOUS 

SOURCES 

It was hoped that some fundamental difference could be ebserved 
in the analysis of a black tourmaline from an ore deposit when com 
pared with similarly colored teurmalines frem schists and pegma- 
tites. Analysis 23 records the compesitien ef a Mack teummaline 
from an ore deposit. Numbers § and 7° are from a pegmatite and 
a schist, respectively. The outstanding feature of the teurmalie 
from an ore deposit is its high magnesia content, bet teemmalizes 
of pegmatitic origin may have as high or even higher percentages 
of this oxide. Number 38, in Table I, is from a pegmatite and prac- 
tically equals the magnesia content of teurmaline Ne. 23. Theseda 
in analyses 79 and 23 is slightly higher than that found iz the peze~ 
matites, but other analyses of pegmatitic teurmalines that have 
been published show even greater amounts im many cases 

~ The tourmalines taken from a schist and from a pegmatite are 

from the same general region, namely, Caster, Seeth Daket 
Tourmaline in schists is the result of contact action. It cam be 
stated that the tourmaline in the schist“ from which specimen 
No, 79 was taken was due to contact action of the pegmatite that 
produced specimen No. 8. Differences im the twe analyses are 
slight and it would be impossible te state from am analysis the ma- 
ture of the rock from which the tourmaline came. 


ATTEMPTS AT FORNULA 
In considering the formula, Sinead toehghiiel ances 
have to be taken inte consideration. These are refexred te wader 
the discussion of chemical analyses. Table IV contains the Ggures 
used in the following considerations. 
* Schwartz, G. M., Geology ef the Etta pedemene mike, Roan Gai Nex 
1925, p. 682. 


Schwartz and Leonard, Coatact action ef Pegmatite em cht, Ball Gul Re 
am., Deo, 1927. 
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Taken in chronological order the most favored and often re- 
peated formulae are those of Rammelsberg suggested in 1890. 
As so well stated by Shand,® there seems to be little preference for 
any one formula and that of Rammelsberg has the advantage of 
simplicity. It represents all the tourmalines as salts of the acid 
(HsSiO;). Rammelsberg® also found that the ratio of R to Si 
was approximately as 6 to 1. According to him all tourmalines 
could be represented by mixtures of three molecules. 
x equals Re’ SiO; 
y equals R;’’ SiO; 
s equals R,’’’ SiOs 


R’, R”, and R’”’ representing, respectively, monad, dyad and triad 
elements. He then calculated a number of existing analyses re- 


sulting in a series of nine groups,*” of which I, II, III, IV, V and 
VI are illustrated by many examples. 


ays s RY Res eRe: OI 

I 1:2: 6 1a eee 2S 25 
II 1:22.9 sos eb Sena Para 4 

Ill 1286 Dell pepe Anes: 2366 

IV 1:te,9, Dis AY 6057366 

V 3:1:18 Cua tere 127-36 

vi SRY) Geel te 10.36 


Such a calculation applied to the analyses of black tourmalines 
listed in Table IV appears below and is in good agreement with 
Rammelsberg’s theory. 


Number of 
Specimen a ne ae 1S SRO S Meee Revo1 
8 i wt a2 Des RECO SAO. 5.96: 1 
38 Lee Sts aS) ree Die le Glee t 
70 1 Sage pall 9 1 if il oe Oconee 6.0 :1 
158 Yall aie 186A eae S Sel ates atl 
179 Pot 2e 2-5 1S Ree Seer /| 6.3) 1 
79 tts 269 123 eas |e ioe: Sb We ney cael 
23 12 Oe se AGES 1G 32 Gel Onis 1 


55 Shand, S. J. of. cit., p. 34. 
56 Rammelsberg, C. F., Abh. Berliner Ah., 1890, p. 14, and Doelter, Handbuch 


der Mineralchemie, Band II, Teil 2., p. 765. 
37 Doelter, op. cit., p. 765. 
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Numbers 8, 158 and 23 of the above compare favorably with 
Rammelsberg series IV and the remainder agree with series II. 
The ratio R to Si, where R is the monovalent sum of R’+R’+R’”, 
is an approximation of 6 to 1. 


TABLE VI. CALCULATION OF TABLE II TO HYDROGEN EQUIVALENTS 


8 38 70 158 179 79 23 

SiO, 638 O11 603 .578 573 592 587 
BO; 162 142 126 . 108 118 141 S1VZ8) 
Al2O3 2 ae ez along OS Sian eae oe 1.443 | 2.011 1.838 
FeO 173 . 108 . 142 w223 .409 . 196 DG 
Fe,03 .072 .092 189 187 PS, 191 203 
MgO .070 . 362 236 141 184 sity? 365 
CaO .006 042 144 .014 .077 .014 .072 
Na,O -047 .030 .026 .027 .047 .070 .076 
K,0 .014 .009 004 007 004 012 .007 
H.0 EDatE nLOS .218 202 see) 195 USB) 
MnO .008 = == os a = a 
Ti.O; .010 .053 053 021 .060 .060 053 
Total ZHOS. | 2966) 3)-2.950, sh 3:O3Is 25872 sal Olen eae 25 


Ratio oF SiO, TO B,O3 TO REPLACEABLE HyDROGEN 


SiO, 4 4 | 4 | 4 | 4 4 4 


0.75 
21.46 


0.83 0.95 0.84 
20.05 19.24 | 19.91 


Riggs 5” proposed three formulae in 1888, as follows: 


Lithia tourmaline HsSii2BeAlie(Na, Li) 4Oo3 
Tron HsSii2BsAliFegNa2O¢3 
Magnesia tourmaline HSi12BeAlioM g2s3Na4/30o2 


If the lithia molecule is considered as containing only sodium 
and no lithium, then these apply fairly well to the analyses re- 
corded here. The last three analyses of black tourmalines, num- 
bers 179, 9 and 23, fit such formulae only approximately. 


7 Riggs, op. cit., p. 50. 
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Penfield and Foote claimed that tourmalines are derived from 
the acid HepBsSisO21. The seven analyses mentioned in Table LE 
calculated to their hydrogen equivalents for each constituent, are 
given in Table VI. 


Penfield and Foote find that the hydrogen equivalents vary. 
Analyses by Scharizer, Riggs and Engelmann, and analyses from 
various other miscellaneous sources give hydrogen equivalents 
that are not constant. For boron they vary from 0.70 to 1.01, and 
for the total replaceable hydrogen the equivalents vary from 17.4 
to 21. An attempt was made by Penfield and Foote to explain the 
extreme values by errors in the analysis. The average ratio upon 
which they base their formula is, SiO.: B.O3:H as 4:0.95:19.88. 
In the black tourmalines here tested the average ratio is, 4:0.88: 
19.60. These are fairly close to 4:1:20. 


It is interesting to note here, that the special formulae of Riggs, 
Wiilfing, Jannasch and Kalb, all reduce by the substitution of hy- 
drogen equivalents to He pBeSisOo1. 

If the assumption is made that SiO, and BO; are in a constant 
ratio of 4 to 1, and knowing that all tourmalines contain over 20 
per cent alumina with various other oxides in minor amounts, a re- 
lationship can be shown between alumina and the other oxides that 
are present. Comparing their hydrogen equivalents it can be shown 
that the sum of the oxides present in minor amounts, plus the hy- 
drogen equivalent of alumina, equals approximately a constant. 
The hydrogen equivalents are given in Table VI. 


Specimen Number M N M+N 
8 0.627 2.141 2.768 

38 0.851 Pee IBS 2.966 

70 1.012 1.938 2.950 

158 0.882 Zita 3.103 

179 1.429 1.443 2.872 

79 0.850 2.011 2.861 

23 1.085 1.838 2.923 
Average 2.920 


M is the sum of the hydrogen equivalents of all the oxides present except SiOz, 
Al,O, and B2Os. 

NV is the hydrogen equivalent of Al,O3. 

M-+N is the sum of M and N. 
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Five analyses by Schaller®* give an average value for M+WN of 
3.045. The hydrogen equivalents are obtained by reducing the 
molecular weight of the oxides to a value equivalent to one hy- 
drogen, and then dividing the oxide percentages by the value 
so obtained. Thus alumina, since each Al is trivalent, would be 
divided by one-sixth of its molecular weight, or seventeen. 

Wiilfing®® recalculated Riggs’ analyses and showed that the sum 
of the molecular proportions varied between 2.35 and 2.42. When 
such a calculation is made for the tourmalines analyzed in this in- 
vestigation, it is found that only two are in good agreement, the 
remainder are only approximate. 


Specimen Number 


8 2.214 
38 2.335 
70 ZHOS9 

158 2.073 
179 2.218 
79 2.124 
23 2.108 


Reiner®® proposed three molecules which are as follows: 


I SizBeAleNasH Ogg 
® II SiBeAlieFesHsOes 
III She BeAhoMgi2H Oe; 


These also correspond to the acid, HeoB2Sis02. He reduced these 
molecules to actual percentage of the oxide present. Thus the 
percentage composition of a pure soda molecule, a pure iron mole- 
cule and a pure magnesia molecule is obtained. Then, by calcula- 
tion, the relative amounts of each molecule present can be deter- 
mined on the basis of the proportion of soda, iron and magnesia 
in the analysis. Such a computation was made for the seven 
analyses given here. There was found, however, a deficiency of 
from 20 per cent to 40 per cent in all cases except in numbers 179 
and 23. These two are in fair agreement as the following reveals. 

Not only do his molecules prove deficient in the total but when 
compared with analyses in Table II wide differences are seen. It 


58 Schaller, op. cit. 


5° Tschermak, Min. und pet., Mitth. 1888-1889, 10, pp. 161 to 173. 
60 Reiner, op. cit., p. 15. 
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CALCULATED CoMPOSsITIONS ACCORDING TO REINER’S MOLECULES 


Analyses 8 38 70 158 179 9 Ii) 
Mol. I 30% 18% 14% 16% 25% 41% 40% 
II 25 15 20 31 57 21 22 
Ill 6 33 31 33 22 10 26 
SiO, ZUS A Hers <O9l elle 23429 920/92 9136.02) 27879) ie 35s. 27, 
BO; 6.26 6.87 6.70 6.17 | 10.48 8.06 | 10.23 
Al,O3 ee eo 1S AG SIS Ss M5210 2 SOP at oo .20 
FeO Grol 3.88 yaa 8.15 | 14.93 7.14 5.86 
MgO 1.56 8.05 7.67 Seite 5.47 HOS 8.91 
Na2,O 1.91 isa Wy 0.91 1.05 1857 2.60 2.58 
H:0 2.09 2.06 BOS 1.96 3.40 2.67 3.18 
Total 61.04 | 65.98 | 65.10 | 60.13 | 104.07 | 78.14 | 98.26 


seems, therefore, that the molecules set forth by Reiner do not 
apply to the seven analyses of black tourmalines reported here. 

Recently Kunitz*! has proposed a set of new molecules, an iso- 
morphous series for the iron-magnesium tourmalines, the end mem- 
bers of which are as follows. 


w € we 
H;Na Mg,AlsSisBsOn. 1.6350 1.6144 0.021 Mol. I 
H;Na FesAlsSigsBsOn. 1.698 1.658 0.040 Mol. II 


In an attempt to test his theory when applied to our analyses, 
the first step was to calculate his formulae into percentages of 
oxides. 


OXIDE MOoLecwu_eE I MOLeEcUuULE II 
SiOz 37.96 34.48 
B,O; 11.09 10.06 
Al,O3 32.28 29.31 
FeO —_ 20.69 
MgO 12.66 —_ 
Na,O 2.45 2eae 
H,O 3.50 an23 
100.00 100.00 


61 Kunitz, W., (Halle), Centralbl. fiir Min. und Pet., Abst. A, 11, p. 377, 1926. 


188 THE AMERICAN MINERALOGIST 


The percentage composition obtained, several excellent analy- 
ses taken from the literature were proportioned according to the 
relative amounts of magnesia and ferrous oxide. The above mole- 
cules did not satisfy the conditions. The analyses made in the 
course of this paper were then tried. They also failed to even ap- 
proximate the composition given above. Doelter reports several 
analyses with a percentage of magnesia much in excess of 12.66 
and it would appear that the extreme value had not been selected 
for this molecule. 

Certain relationships between a number of the elements in tour- 
maline have been stated. In the majority of analyses the ratio 
SiO, to B,O; has been found to be about 4 to 1. This was first 
noted by Hermann® in 1845. Later in 1889, Clarke® found a vari- 
ation that he states cannot be due to an error in the chemical 
analysis. The Table that follows is abstracted from Clarke’s paper, 
to which has been added other data. 


Riggs’ Analyses SiO. B,O3; found B,O; to SiO», 
Rumford, red 38.07 9.99 1 to 4.44 
Paris, black 35.03 9.02 ee a's) 
Monroe, brown 36.41 9.65 1 ©1440 
Brazil, Green 36.91 9.87 Oi ee 4e5G 
Auburn, Colorless 38.14 10.25 le CARR 35 


Jannasch and Kalb 


Snarum 35.64 9.93 i fy 4Als 
Mursinka 34.88 8.94 jee oleae Ye 
Buckworth 35.50 8.34 ees ee ne Oi 
Brazil 37.05 9.09 LOS aA aes 
Doelter’s, Handbach 
No. 74, S. Diego, red, Wittich (1914) 37.54 9.12 Ie SA Sik 
No. 82, Von Camp, Schweiz, Engel- 
mann (1877) 39.26 9.40 LAR 488 
No. 95, Madagascar, dark red, Du- 
parc, etc., (1910) Siwhe 9.58 Ione r4a58 
Z. Kirysts Viol 
Ceylon, dark, Becht (1913) Sovals 11.29 Tay 3264 
Zucherhandl, black 37.38 9.20 tags 74581 
Rajamaki, brown 35.48 8.90 fo 4565 


6 Hermann, op. cit., p. 1. 
63 Clarke, op. cit., p. 120. 


JOURNAL MINERALOGICAL SOCIETY OF AMERICA 189 


Ward 
8 38.26 132 tee Od. 
38 36.66 9.91 1 ee 430 
70 36.18 8.85 1 ede S 
158 34.70 7.56 ee ESE 35 
179 34.38 8.28 1 SOREEST 
79 35.68 9.90 Dem 418 
23 35.22 8.64 Lowph ded 7: 


It does not appear possible that the lack of uniformity in the 
ratio is due to inaccuracies in analysis as was thought to be the 
case in the early days. Analyses that have been made by reliable 
investigators do not always show the ratio SiO.: B.0;=4:1. 


SUMMARY 


One hundred and seventy-four specimens of black tourmaline 
and a few colored ones were examined under the microscope. Vari- 
ation in color of the powdered mineral, pleochroic formula, indices 
of refraction, birefringence, zoning and occurrence were determined 
and recorded. Analyses were made of seven black tourmalines 
selected to show the variation in optical properties. 

The tourmalines analyzed were shown to agree fairly well with 
Rammelsberg’s formula, (R¢SiO;)x, specifically, with series II and 
IV. Fair agreement was observed with Riggs’ formula when the 
lithium was eliminated from the “‘lithia molecule.” Penfield and 
Foote proposed the acid Hx B2SisO2: which agrees with the analyses 
made in the course of this work. Reiner’s molecules prove inaccu- 
rate when an attempt is made to relate them to the analyses of this 
paper or to some of those published elsewhere. The black tourma- 
line analyses made during this investigation, or appearing in the 
literature, do not agree with the interpretation of Kunitz’s isomor- 
phous series. Penfield and Foote claim that the ratio SiO: to B2,O3 
is always as 4 is to 1. Analyses made here and in the literature show 
that this ratio is not constant. 

There is little doubt but that the acid from which all tourmalines 
are derived is represented by HeoBzSisO21. The complexity and 
number of possible substitutions for the hydrogen and other atoms 
are disputed points. There may even be distinct silicic and boric 
acids. It would be futile at this time to propose new molecules. 
The literature is full of them and many peculiar specimens will 
fail to fit any proposed formula. Possibly x-ray work may prove 
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suggestive but the data at present are too complex to permit repre- 
sentation by any simple formula. 

It was shown that variation in the chemical composition of the 
tourmalines was independent of geologic occurrence. 

The alteration of a high iron tourmaline was investigated. This 
specimen proved abnormal in many ways and further work is being 
done upon it. 

It was also discovered that values below 1.662 for w gave light 
colors in the pleochroic formula. 

Relationships between the chemical composition and the opti- 
cal data were plotted. It was indicated that an increase in the in- 
dices and birefringence was largely due to increase in total iron. 


NOTES AND NEWS 
A NEW MICROCLINE LOCALITY IN MAINE 


Epwarp S. C. Smrrx, Union College. 


Although the Island of Mount Desert, Maine, has been the object of geological 
investigations for many years and by many observers, the occurrence of green micro- 
cline in moderate abundance at an easily accessible place has passed unnoticed up 
to the present time so far as the writer is aware. The only reference found in the 
literature of Maine geology and mineralogy is in Charles H. Hitchcock’s Preliminary 
Report upon the Natural History and Geology of the State of Maine. On page 200 of 
this report Hitchcock refers to a granite which contains “green feldspar” near Sea 
Wall Point, without doubt the same locality as the one presently to be described. 

About three miles southeast of Southwest Harbor, Mount Desert Island, the 
roadway passes close to the shore for several hundred yards where an exposure of 
bed rock and a coarse pebble beach combine to form a natural bulwark that is 
known locally as the “‘Sea Wall.” The area of rock exposed is roughly about ten 
thousand square feet and appears to be a granite dike of medium to fine grain whose 
constituents are chiefly quartz, orthoclase feldspar and biotite. Stringers of garnets 
are here and there developed, and disposed irregularly through the entire mass are 
veins of quartz and green microcline, the textures of which tend to be rather coarser 
than the main part of the rock. Some of the larger microcline crystals measure 
2 cm. but the average is between 0.5 and 1 cm. The usual forms of prism, pinacoids 
and macrodomes are to be observed. 

It seems likely that much, if not all, of the quartz and microcline has resulted 
from secondary deposition and probably in part through replacement, but more 
study is necessary before a positive statement can be made. 


BOOK REVIEWS 


SYSTEMATIC CRYSTALLOGRAPHY. T. V. Barker, xi+112 pp., 2 plates, 
76 text-figs. Thos. Murby and Co., London, 1930. Price 7s. 6d. 


This is a companion volume to the author’s GRAPHICAL AND TABULAR 
METHODS IN CRYSTALLOGRAPHY which appeared in 1922. 


The purpose of the work may be set forth in the words of the author: 


“Based on an open-minded study of thousands of crystalline substances, it 
seeks to present the principles of a Systematic Crystallography by which the sur- 
face of a crystal may be (1) unambiguously described in terms of a standard set 
of axes and parameters derivable from the form development; (2) classified mor- 
phologically according to its angular values; and (3) identified on any future occa- 
sion by the simple process of measurement, geometrical analysis and reference to 
tables.” 

This book is a praiseworthy attempt toward a true determinative geometrical 
crystallography, which had its inspiration in Fedorov’s Das Krystallreich (published 
by the Russian Academy of Science in 1920). The author discusses a new Lexicon 
of the Crystal Kingdom which he hopes may eventually be produced by the coopera- 
tion of interested crystallographers; for the immediate future he contemplates a 
determinative supplement to Groth’s Chemische Krystallographie. 
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Exception may be taken to one statement made by the author. On page thirty- 
two he says “at the present time in consideration of the fact that the symmetry 
class in the great majority of cases is not known, it seems better not to press the 
symmetry criterion too far.” Ina recent statistical study of the 7,224 crystalline 
compounds described in Groth’s Chemische Krystallographie, the reviewer found 
that 5,588, or about 77 per cent, have been assigned to a particular symmetry class. 


The three appendices are (1) Table of Natural Cotangents and Tangents, (2) 
Useful Trigonometrical Formulae, and (3) Table of Multiple Tangents. These use- 
ful appendices are identical with those found in the companion volume. 


This book will prove particularly useful to crystallographers who are interested 
in crystals produced in the laboratory as distinguished from crystals found as min- 


erals, 
A. F. ROGERS 


CRYSTALLOGRAPHY, MINERALOGY AND CRYSTAL STRUCTURE BY 
X-RAY METHODS: (Numerical Data.) L. J. SPENCER AND M. Mararev. 
Section from VOLUME VII OF ANNUAL TABLES OF CONSTANTS AND 
NUMERICAL DATA (YEARS 1925-1926). Price, paper cover, 60 Frs.; cloth 
bound, 70. 


Publishers, Gauthier-Villars and Cie, 55 quai des Grands Augustins, Paris. 


The importance of these complete tables to the investigator is fully appreciated 
when his attention is called to the fact that their preparation requires the careful 
examination and systematic classification of data collected from more than 550 
scientific journals. The section of special interest to mineralogists comprises sixty- 
eight pages and is devoted to crystallography, mineralogy and crystal structure as 
revealed by X-ray investigations. For the years 1925-1926 new crystallographic 
data (compiled by L. J. Spencer) was found for 206 minerals, including new forms 
on fifty-eight minerals. Considerable space is also devoted to the crystallography 
of both inorganic and organic substances. Original references are given in all cases 
as footnotes. 


The portion devoted to crystal structure (compiled by M. Mathieu) lists for 
each substance: the crystal system and Bravais lattice; the length of the cell 
edges; the angles between cell edges; density (calculated and experimental) ; num- 
ber of molecules in unit cell; and the space group according to Schoenflies and Ast- 
bury. 

W. F. H. 


PROCEEDINGS OF SOCIETIES 


PHILADELPHIA MINERALOGICAL SOCIETY 


Academy of Natural Sciences of Philadelphia, January 8, 1931 
A stated meeting of the Philadelphia Mineralogical Society was held on the 
above date with the President, Mr. Toothaker, in chair. The death of Dr. Henry 
Leffmann, (1847-1930) an honorary member, was announced and a tribute to his 


memory was read by the secretary. Dr. Leffmann served as president of the society 
for two years, 1917-1919. 
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Mr. Wm. L. Fisher told of a visit to the “Sulfur Mines of Sicily.” He vividly 
described the primitive mining methods employed at Catania and Girgenti. The 
ore from the lower levels of the hot and stuffy mines is broken by hand picks and 
carried through dark passages by naked boys to the upper levels where it is put 
in cars and drawn by man-power to the surface. The sulfur is either extracted by 
means of live steam, or melted by the heat produced in the burning of some of the 
ore. In either case the melted sulfur is drawn off and allowed to harden in moulds. 
Mr. Fisher exhibited several fine groups of sulfur crystals and assured his audience 
that good specimens are still to be had at this famous old locality. 


Dr. Fred M. Oldach related the manner in which Canadian copper prospects, 
occurring along the Ground Hog river in northern Ontario, were developed. At- 
tention was called to the sulfide association of pyrite, chalcopyrite, and pyrrhotite, 
as being highly important in developing a prospect, not only for copper but also for 
gold. 


Mr. Toothaker made an earnest plea for collectors to place on their labels the 
date on which a specimen was removed from a mine or quarry. This information is 
important to future workers who may study the specimen. 


Mr. Petexsen exhibited garnet from Avondale. Mr. Vanartsdalen reported the 
recent finding of small zircons along Walsh road near Willow Grove. 


LESTER W. STROCK, Secretary 


NEW YORK MINERALOGICAL CLUB 


Minutes of the January Meeting 


A regular meeting of the New York Mineralogical Club, with thirty members 
present, was held at the American Museum of Natural History on the evening of 
January 21, 1931, with first vice-president, George Ashby, in the chair. 

Mrs. Richard Durkee of New York City was elected to membership. It was an- 
nounced that the important work of James G. Manchester, published as a bulletin 
of the Club, would be ready at the time of the next meeting. The price was fixed 
at $2.00 to members, and $2.50 to the public. The title of the book is The Minerals 
of New York City and Its Environs. It was voted to authorize the president of the 
Club to arrange a joint meeting with the New York Mineralogical Society, in accept- 
ance of an invitation extended by that body. 

The speaker of the evening was Herbert P. Whitlock, who dwelt on the develop- 
ment of crystallography as a science, outlining the progress of investigation, ex- 
periment and theory, from the announcement of the law of symmetry by Haiiy in 
1815 to the physical determination of crystal structure by von Laue, and the sub- 
sequent advanced experiments and discoveries by Sir William Bragg and his son. 
The contributions to the progress of the science by the successive labors of the 
brilliant minds engaged in this field were explained and a fitting tribute paid to 
each of the major workers. The meeting extended a hearty vote of thanks to the 
speaker. By way of illustration, after the address, the speaker exhibited interesting 
crystals from the collection of the American Museum of Natural History, which 
were the actual specimens used by some of the leading investigators, and which bore 


labels in their own writing. 
James F. Morton, Secretary 
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MINERALOGICAL SOCIETY OF GREAT BRITAIN AND IRELAND 


MINERALOGICAL SocrETy, January 13, Sir Jonn S. Frert, President, in the 
chair. 

Dr. F. Cores PHILLips: On a soda-margarite from the Postmasburg district, South 
Africa. A fuller description is given of material first described by Dr. A. L. Hall. 
The mineral occurs in mica-like crystals associated with the Postmasburg manganese 
ores. The physical properties described resemble in general those of a mica, but 
analyses show 50 per cent of alumina and 10 per cent of alkalies, with little lime. 
It is best described as soda-margarite; in composition it resembles the ‘‘ephesite” 
of J. Lawrence Smith. 


Mr. F. A. BANNISTER: On the distinction of analcime from leucite in rocks by X- 
ray methods. Powder-photographs of phenocrysts in blairmorite from the Lupata 
Gorge, Zambezi River, Portuguese East Africa, are shown to be identical with those 
for analcime and not for leucite. The icositetrahedral outlines of the analcime 
phenocrysts found in the rock strongly suggest their primary origin. The X-ray 
photographs indicate that the phenocrysts are not single crystals but consist of 
aggregates of particles in sub-parallel position. 


Mr. F. A. BANNISTER: On a chemical, optical, and X-ray study of nepheline and 
kaliophilite (with chemical analyses by Mr.M.H.Hey). Correlated data have enabled 
the author to prove the approximate constancy of the number of oxygen atoms in 
the unit cells of several nepheline and elzolite specimens. Thence the numbers of 
atoms of each kind per unit cell have been counted. The cell volumes and optical 
properties have also been related to the chemical composition. An approximate 
structure is suggested which together with the chemical work explains the variable 
composition of nepheline. Kaliophilite is shown to possess a much larger cell than 
that of nepheline and its Lauegram exhibits higher symmetry. ‘“Pseudonepheline” 
(rich in potassium) has a slightly greater cell volume than normal nepheline, but 
its Lauegram is almost identical and its axial ratio the same. 


Dr. H. V. WARREN: On an occurrence of Griinerite at Pierrefitte, Hautes-Pyrénées, 
France. A griinerite-schist, consisting almost entirely of fibrous griinerite, occurs 
at the Pierrefitte mine, where needles of the same mineral also occur in the galena 
and blende of the ore-bodies. The griinerite is associated with a carbonaceous schist 
and with magnetite, and encloses specks of carbon. Analyses of griinerite by E. G. 
Radley, (I from schist, II from ore): 


SiO: TiO: Al:0; FeO; FeOQ MnO MgO CaO Na:xO K:0 H:0O Cc 
46.42 015 0.25 0.09 42.60 2.23 3.12 1.51 0.70 0.43 2°92 0.6=100.07 
49.11 0.12 1.81 2.03 38.98 0.79 2.97 0.75 0.94 0.64 1.49 0.31 =99.94 


Cleavage perfect {110}; (110): (110) =53°55’ to 54°55’. Plane of optic axes (010); 
2 V=84°15’. Refractive indices: a= 1.676, B= 1.693, y=1.707 (Na). Birefringence 
—-; extinction on (010) =13°22’=c’:y. 


CORRECTION 


On page 67 of the February issue of the American Mineralogist figure 12 should 
be turned counter-clockwise ninety degrees to agree in orientation with figures 13 
and 14, 


